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FOREWARD

In September 1986, the Fuels Branch of the Aero Propulsion Laboratory at
Wright-Patterson Air Force Base, Ohio, commenced an investigation of the
potential for production of jet fuel from the liquid by-product streams
produced by the gasification of lignite at the Great Plains Gasification Plant
located in Beulah, North Dakota. Funding was provided to the Department of
Energy (DOE) Pittsburgh Energy Technology Center (PETC) to administer the
experimental portion of this effort. This report details the effort of the
University of North Dakota Energy and Mineral Research Center (UNDEMRC), who,
as a contractor to DOE (DOE Contract Number DE-AC22-87PC90016), modeled the
heteroatom removal of the liquids via hydrogenation technologies. DOE/PETC
was funded through Military Interdepartmental Purchase Request (MIPR) FY1455-
86-N0657. Mr. William E. Harrison, III, was the Air Force Program Manager,
Mr. Gary Steigel was the DOE/PETC Program Manager, and Mr. John Rindt was the
UNDEMRC Program Manager.
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EXECU[IVE SUMMARY

In an effort to assure adequate supplies of aviation turbine fuels in the
event of a petroleum shortage, the U.S. Air Force has investigated the use of
coal-derived liquids to produce synthetic aviation fuel. This report
details the results of research performed at the University of North Dakota
Energy and Mineral Research Center on liquid by-product streams from the Great
Plains Gasification Plant (GPGP) in Beulah, North Dakota. The primary
research objective was to assess the technical and economic feasibility of
producing aviation turbine fuels from coal liquids streams. A secondary
objective was to assess the possibility of converting the by-product streams
into a new, higher-density aviation fuel. To accomplish these objectives, the
by-product streams were characterized to determine which streams, if any, were
suitable for upgrading; the tar oil stream was found to be suitable. A two-
stage upgrading method was chosen; heteroatoms were removed in the first, more
severe, stage and hydrogenation took place in the second stage. Processing
was performed in a one-gallon, hot-charge autoclave system. A statistical
experimental design was used to efficiently determine the "optimum" conditions
necessary for heteroatom removal during the first-stage processing.
Verification runs performed at the indicated optimum conditions resulted in
virtually complete removal of heteroatoms. The total mass balance on liquid
product corroborated the analytical workups. Second-stage processing of the
first-stage product did not result in the necessary increase in aliphatic
content. The fact that the aliphatic content did not increase is probably a
result of choice of catalyst and/or the conditions under which the second-
stage processing was performed. The results of this research indicate that
catalyst choice may greatly influence the product obtained. The first-stage
products which were obtained appear to be excellent candidates for high-
density fuels due to their high aromaticity; however, the second-stage
catalysts which were used were not effective in converting aromatics to cyclic
aliphatics to produce a product with the required low aromatic content.

INTRODUCTION

Domestic production currently supplies only approximately 60 percent of
the United States' petroleum requirements, and future oil supplies, both
domestic and foreign, will continue to be unreliable. Synthetic liquid fuels
are therefore an essential part of an energy scenario which provides the
United States with a means to reduce its reliance on imported oil. The
Department of Defense is the largest single consumer of liquid fuels in the
United States, with the U.S. Air Force using approximately 240,000 barrels of
Grade JP-4 turbine fuel daily for aircraft operations. A naphtha-based fuel,
JP-4 is used primarily in the U.S., while a kerosene-type fuel, JP-8, is used
abroad. Because of the need to assure adequate supplies of both JP-4 and JP-8
fuels at acceptable costs, the Air Force has investigated the characteristics,
cost, and yield of these fuels when produced from tar sands, shale oil, and
heavy oils, and is seeking similar data for coal-derived liquids.

One producer of coal-derived liquids is the Great Plains Gasification
Plant (GPGP) in Beulah, North Dakota. The plant currently produces over 150
million cubic feet per day of high-Btu synthetic natural gas (SNG) from North
Dakota lignite. In addition, GPGP generates three liquid streams (rectisol
naphtha, crude phenol, and tar oil) which are candidates for upgrading o jet
fuel.
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PROJECT OBJECTIVES

The primary objective of this project was to assess the technical and
economic feasibility of producing aviation turbine fuel, from the GPGP by-
product streams. A secondary project objective was to assess the possibility
of converting the by-product streams into a new, higher-density aviation fuel.

SPECIFICATIONS OF AVIATION FUELS

Aviation turbine fuels have a specific gravity of approximately 0.7-0.8,
a minimum hydrogen content of approximately 13.0 weight percent, a maximum
boiling temperature of approximately 320 0-330 0 C, and a maximum aromatic
content of 25 volume percent. The properties of the JP-4 and JP-8 aviation
turbine fuels used by the U.S. Air Force are listed in Table 1. The table
also compares the properties of these fuels to the preliminary specifications
for the higher-density near-term JP-8X.

FEEDSTOCK CHARACTERISTICS

As mentioned previously, three liquid streams (rectisol naphtha, crude
phenol, and tar oil) are produced at the GPGP as a result of coal
gasification. Complete characterizations of the three streams were performed
and reported by Knudson (1) and Rossi (2). An overview of the characteristics
of these streams is presented here.

The rectisol naphtha stream contains primarily benzene and toluene, the
crude phenol stream contains primarily phenols and cresols, and the tar oil
stream is comprised mainly of methylated one- and two-ring aromatics. Table 2
presents the results of elemental analyses and, Table 3 presents the results
of NMR analyses of the three streams.

The tar oil stream is the only stream with enough material in the correct
boiling range to warrant consideration for upgrading to jet fuel. The
rectisol naphtha stream is very volatile, and only a small portion of it is in
the volatility range of a jet fuel. The distillation distribution of the
crude phenol stream overlaps that of aviation fuel; however, due to its
composition (primarily phenol and the cresols), it would produce cyclohexane
and methylcyclohexane during hydrogenation and would therefore consume a large
quantity of hydrogen. The results of ASTM D86 distillations performed on the
three coal liquid streams and an aviation fuel, AV Jet A, are presented in
Table 4. As the table shows, the tar oil stream contains sizable fractions in
the aviation fuel distillation region. The ASTM D86 distillation profile of
the tar oil stream is compared to the profiles of JP-4 and JP-8 in
Figure 1.

As recovered, the tar oil stream is somewhat variable, depending on coal
properties, gasifier operation, gas quenching, and product storage (3,4). It
is fairly typical of the products of low-rank coal pyrolysis or carbonization
in that it is largely hydrogen-deficient and oxygen-rich in comparison to
either direct liquefaction or petroleum products (5,6,7). This tar oil stream
contains significant hydroxyl functionality, aiding its retention of 1-4
weight percent water. It can also contain several weight percent coal and
char fines, which are dependent upon gasifier operation and, to a lesser
extent, upon coal quality (4).

2



TABLE 1

PROPERTIES OF JP-4, JP-8, AND JP-8X AVIATION TURBINE FUELS

Near Term
Property JP-4a JP-8a JP-8X

Specific Gravity @ 0.710 - 0.802 0.788 - 0.845 0.850 min
150C/15 0 C

Hydrogen, 13.6 13.5 13.0
min wt %

Boiling Range, °C Report - 320 Report - 330 Report - 330
(ASTM D-2887)

Hc, Net Btu/gal x 10-3  __b 120.9 min 130 min

Freezing Point, °C -56 -50 -47
max

Aromatics, 25.0 25.0 25.0
max vol %

Parafffins,
vol %

a Specification properties from "Handbook of Aviation Fuel Properties," CRC Report
No. 350, Coordinating Research Council, Inc., Atlanta, GA, 1983.

b Not specified.

The results of the 086 distillation illustrate another problem associated with
upgrading the tar oil: the bottoms are unstable at moderate temperatures.
Distillation bottoms content can range from under 4 weight percent to over 20 weight
percent, depending on the heating rates. This drawback can be easily corrected
using any one of a number of mild hydrotreating processes that are commercially
proven (8).

The high heteroatom (oxygen, sulfur, and nitrogen) content of the tar oil
stream will require well over a thousand scf of hydrogen to remove. The data also
show that distillation by itself will not produce clear-cut fractions between high
and low oxygen functionality. However, effective fractionation using solvent
extraction processes such as the Pitt-Consol or Phenoraffin has been demonstrated
commercially with similar streams (8). Thus it appears that removal of the phenols
from the tar oil stream by solvent extraction would be the preferred processing
option. The phenols could be included with the crude phenol stream for sale as

3



TABLE 2

RESULTS OF THE ELEMENTAL ANALYSIS
OF THE GPGP LIQUID BY-PRODUCTS STREAMSa

Crude Rectisol
Element Tar Oil Phenol Naphtha

Carbon 83.76 72.18 87.65
Hydroo-n 8.83 7.49 10.12
Nitrogen 0.52 0.28 0.00
Sulfur 0.39 0.04 0.00
KF-waterb 1.20 4.48
THFIc 0.11 0.00

a Given in weight percent as-received sample.

b Water determined by Karl Fisher titration.

c Tetrahydrofuran insolubles (0.5 micron filter).

phenols or cresylic acids. The remaining two-thirds of the tar oil stream

could be hydrotreated to produce jet fuel.

UPGRADING COAL LIQUIDS TO JET FUEL

To produce specification-grade jet fuel from coal-derived liquids, the
concentration of oxygen, sulfur, and nitrogen in the feedstock must be reduced
to virtually nil, and most of the aromatic rings must be saturated. If
saturation can be accomplished without destroying the ring structures, the
most economical use of hydrogen is assured.

Upgrading of the coal-derived liquids may be accomplished in a high-
severity single stage or in multiple stages (9,10). Product composition can
be controlled to a large degree by reaction severity; i.e., temperature,
pressure, space velocity, or catalyst composition. The single- or first-stage
hydrotreating is designed to remove the heteroatoms from the feedstock.
Typical operating conditions include a temperature of approximately 370°C, a
pressure of about 2000 psig, and liquid hourly space velocities below 1.0 hr 1

over a commercial NiMo catalyst (10,11). Hydrogenation generally takes place
during the second stage. This processing requires less severity than either
the first-stage or single-stage processing and it may use noble metal
catalysts. The high oxygen concentration in the GPGP feedstocks will require
a high hydrogen feed ratio during this step (11).

EXPERIMENTAL DESIGN

Determination of "optimum" processing conditions via a one-at-a-time
testing method is costly, both in terms of time and project dollars. To gain
the maximum amount of information in the most efficient manner, testing was

4



TABLE 3

PROTON AND CARBON-13 NMR DATA FOR GPGP LIQUID STREAMS

Crude Rectisol
Carbon NMR Region, Tar Oil Phenol Naphtha
Type ppm Area % Area % Area %

PROTON NMR

Aromatic 9.0 - 5.9 28.3 50.2 38.9
Phenol 4.4 - 3.5 2.4 16.9 0.4
Acenaphthene 3.5 - 3.3 0.5 2.1 1.9
-CH2-alpha 3.3 - 1.9 28.4 23.5 22.2
-CH2-beta 1.9 - 1.5 5.3 1.3 10.5-CH2-b 1.5 - 1.0 23.4 4.8 13.9-CH3 1.0 - 0.1 11.7 1.2 12.2

Total Area % 100.0 100.0 100.0

-CH2-/-CH 3  2.0 4.0 1.1

CARBON-13 NMR

Aliphatic, C= 240 - 187 1.0 2.0
Aromatic, C=O 187 - 160 0.1 1.1
Phenolic 160 - 149 10.2 0.0
Aromatic, =C= 149 - 138 8.3 2.7
Aromatic, =C- 138 - 95 65.8 66.7
Methoxyl 95 - 60 0.2 1.1
Aliph.,-CH 2- 50 - 36 1.4 4.3

C 36 - 27 2.3 9.7
alpha C 27 - 17 5.2 8.0

-CH3  17 - 0 5.5 4.4

Total Area % 100.0 100.0

performed using a statistical experimental design to enable prediction of the
conditions a+ which heteroatom removal during first-stage processing would be
virtually complete. The choice of a particular statistical experimental
design is made based upon whether or not the results of the testing are
expected to be linear in nature. It was not expected that the heteroatom
content of the project of the first stage would be a linear function of the
temperature and pressure of the process. For this reason, a central composite
design for two factors was used to collect the experimental data. This design
allowed the fitting of a general quadratic equation for smoothing and
prediction of the data. This class of design allows the experimenter to build
upon a two-level factorial design and adds a set of axial points. These axial
points, along with a center point, allow the estimation of all pure quadratic
terms.
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TABLE 4

RESULTS OF ASTM D86 DISTILLATIONS PERFORMED ON GPGP
LIQUID STREAMS AND AV JET A

Crude Rectisol
Tar Oil Phenol Naphtha AV Jet A

Bar. Press mm Hg) 756 742 731 742
Rm. Temp. ( C) 23 23 24 23

Vol % Distilled
IBP 93 97 43 82
5% 135 98 63 173

10% 170 185 69 183
20% 195 190 76 197
30% 210 193 79 205
40% 225 193 83 213
50% 250 196 86 220
60% 263 201 89 228
70% 285 210 94 235
80% 297 229 102 245
90% 303 263 119 260
95% 132 268

Max. Temp. (°C) 303 265 132 274
Max. Vol % 92 95 96 98

Residue (wt %) 9.66 5.75 2.80 2.20
Recovery (wt %) 87.68 92.45 96.35 96.21
Lest (wt %) 2.66 1.80 0.85 1.59

Specific Gravity 1.02 1.06 0.82 0.82

Table 5 shows the matrix which was designed for use in the first-stage
data collection. For these experiments, Shell 424 was used as the catalyst,
and the ranges of temperature and pressure that were evaluated were 3280 -3870 C
and 1500-2500 psig, respectively. The matrix was randomized to ensure that
all results were independent. Actual run conditions of the tests as they were
performed are listed in Table 6.

After the engineering and analytical data were collected, the responses
were analyzed via computer regression analysis. The full model was fit, and a
check was made for outlying data points. Following this, a check was made for
lack of fit of the quadratic equation and unnecessary terms were eliminated,
resulting in a mathematical model.

6
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Figure 1. Comparison of ASTM D86 distillation profiles of JP-4,
JP-8, and GPGP tar oil stream.

7



TABLE 5

MATRIX FOR STUDYING EFFECTS OF TEMPERATURE AND PRESSURE
IN FIRST-STAGE PROCESSING TO REMOVE HETEROATOMS

Temperature Pressure
Run (0C) (psig)

1 387 2500
2 387 1500
3 328 2500
4 328 1500
5 357 2710
6 357 1300
7 400 2000
8 316 2000
9 357 2000
10 357 2000

TABLE 6

RUN CONDITIONS FOR FIRST-STAGE TESTING

Temperature Pressure
Run Date Catalyst (0C) (psig)

First-Stage Tests

N-408 8/05/87 Shell 424 374 2675
N-409 8/11/87 Shell 424 385 1435
N-410 8/13/87 Shell 424 394 2235
N-413 8/28/87 Shell 424 357 1300
N-414 9/01/87 Shell 424 387 2500
N-415 9/02/87 Shell 424 357 2000
N-416 9/03/87 Shell 424 329 1491
N-417 9/04/87 Shell 424 358 2012
N-4?" 9/18/87 Shell 424 367 1500
N-42. 9/22/87 Shell 424 345 1975
N-432 6/02/88 Shell 424 395 2384
N-433 6/09/88 Shell 424 380 2250

Single-Stage Tests

N-418 9/09/87 NT550 354 2000
N-419 9/11/87 NT550 390 1997
N-420 9/15/87 Katalco 660 394 2023

8



MATERIALS, EQUIPMENT, AND EXPERIMENTAL PROCEDURES

First-stage testing took place in the Energy and Mineral Research Center
(EMRC) one-gallon, hot-charge, semi-batch autoclave system shown in
Figure 2. Gas flowed through the system at the equivalent rate of 6500
scf/bbl. Three catalysts were used during these tests: Shell 424, NT550
(nickel-tungsten on an alumina support), and Katalco 660 (nickel-tungsten on
an experimental silicon dioxide support). One hundred grams of catalyst and
1 kg of tar oil were used for each test. The catalyst was pre-sulfided at
reaction temperature and was batch-charged fresh each run. In the autoclave,
the catalyst exhibited high-contact, free-floating behavior. The tar oil-to-
catalyst ratio of 5.3 g/g was maintained for each run in an effort to have
enough feedstock relative to catalyst such that the catalyst would be seen as
if it were in an ebulating bed reactor.

The tests were one hour in duration at reaction temperature, followed by
a cooldown to 2000 C. To prevent undesirable condensation reactions, the system
was held stable at this temperature for 20 minutes, and then was allowed to
cool to room temperature. Periodic liquid samples were taken during the run
from the bottom of the autoclave, while gas samples were collected in a
diaphragm accumulator. Hydrogen flowed through the system continuously during
the test.

For each test, a suite of time samples was created by taking a sample
every three minutes. Time samples were also taken at the beginning and the
end of the 2000 C stabilization period. Bulk liquid samples were taken of the
feedstock and the endpot, the liquid and solid materials remaining in the
reactor at the end of the run after cooldown to room temperature. In
addition, two bulk gas samples were obtained for GC analysis. This type of
sampling procedure was used because it provided samples often enough to follow
changes in both chemical composition and heteroatom concentration, and, when
appropriate, to develop kinetic information on the rates of the reactions
taking place.

Analyses which were performed on the liquid time samples included percent
aromatics and C, H, N, and S elemental analyses. These analyses were
performed on samples taken at 3, 6, 9, 18, 27, and 36 minutes during the run
and at both the beginning and the end of the stabilization period following
cooldown to 2000 C. The endpot samples received more scrutiny, undergoing C,
H, N, and S elemental analyses, distillation analysis, GC/MS, and other
detailed analyses when appropriate. Samples which are listed in Table 7 were
sent to Western Research Institute for detailed nitrogen analysis because the
analytical equipment available at the EMRC was not sensitive enough to detect
the very low nitrogen contents which were expected.

The purpose of the first stage in this type of processing is to remove
the heteroatoms from the feedstock prior to hydrogenation. The conditions at
which heteroatom removal should most effectively occur were determined using
the results of the tests performed as a part of the statistical matrix.

9



CONDEN SER

TIM SAMPLEBA

02 ml

TBLE 7APL

SAMPLES SENT TO WESTERN RESEARCH INSTITUTE FOR NITROGEN ANALYSIS

Run Time Sample Number

N-408 1,4,7,10,13,16,19,22,endpot
N-409 i,4,7,10,13,16,19,22,endpot
N-410 endpot
N-413 endpot
N-414 1,4,7,10,13,16,19,22,endpot
N-415 1,4,7,10,13,16,19,22,endpot
N-416 1,4,7,10,13,16,19,22,endpot
N-417 endpot
N-418 endpot
N-419 endpot
N-420 endpot
N-421 endpot
Feed
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RESULTS OF STATISTICAL MATRIX TESTING

To arrive at the mathematical models listed in the following subsections,
the computer first estimated the parameters. The computer then performej a 2
regression analysis using all of the possible terms: intercept, x, y, x , y
and xy. The computer determined which terms had Prob > F values which were
not significant; i.e., had large values. In a backward elimination procedure,
the computer dropped the variable which produced the least significant term.
The procedure was repeated over and over with the computer dropping terms
until all of the remaining terms had significant Prob > F values. The
parameters which were estimated when the computer determined that all terms
were significant are the coefficients used the final model equation.

Total Heteroatom Content

The results indicate that the heteroatom content of the product is a
linear function of the temperature and pressure of the first-stage reaction.
This function is defined by Equation (1).

HC = 3.43 - 2.04* X1 - 0.67 * X2  (1)

where X, = (T - 360)/30, X2 = (P - 2000)/500, and temperature and pressure are
expressed in 0C and psig, respectively. Equation (1) shows that a 100C change
in temperature produces a change in heteroatom content that is equivalent to
the change produced by a 500 psig change in pressure. The equation was
plotted as a function of temperature over the entire range of pressures
included in the statistical matrix. This plot is shown in
Figure 3. As the plot clearly shows, a total heteroatom content of zero
occurs only at a temperature of 4000C at pressures of 2650 psig or greater.

Nitrogen Content

Nitrogen content was determined by the statistical analysis to be a
nonlinear function of temperature and pressure defined by Equation (2).

N = 0.000104 + (0.900041X 1) - (0.090661 X2) - (0.000722 X1X2 )
+ (0.000655 X1 ) + (0.000602 X2  (2)

where X1 and X are the same variables as were defined for Equation (1). This
equation was plotted as a function of temperature over the entire range of
pressures included in the statistical matrix, and the plot is presented in
Figure 4. It is difficult to determine optimal conditions for nitrogen
removal from this plot; therefore, the portion of the plot which indicates
that nitrogen contents approaching zero are possible was enlarged, and is
shown as Figure 5. This plot clearly shows that any of the temperatures which
were tested could result in a nitrogen content approaching zero if the proper
pressure is selected. Generally, though, the optimal conditions appear to be
between 3600 and 3800C and 2275 and 2425 psi.
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Figure 3. Effect of' temperature on total heteroatom content
over the entire pressure range tested.
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Figure 4. Effect of temperature on nitrogen content over the
entire pressure range tested.
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Sulfur Content

The results of the statistical analysis indicated that sulfur content is
temperature independent, following the nonlinear function given in
Equation (3).

S = 0.000159 - 0.000150 X2 + 0.000427 X22 (3)

where X2 is defined as for Equation (1). Equation (3) was plotted over the
entire pressure range; the result is shown in Figure 6. As the plot shows,
the lowest sulfur content, 0.015 percent, can be expected to occur at a
processing pressure of 2050 psi. Even at the best conditions for nitrogen
removal (i.e., approximately 2300 psi), the sulfur content would be expected
to be approximately 0.025 percent.
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Aliphatic Content and Aromatic-to-Aliphatic Ratio

Equations describing the relationship of temperature and pressure with
aliphatic content and aromatic-to-aliphatic ratio were also determined using
the analysis of variance. The aliphatic content (ALl CON) of the first-stage
product was found to be a linear function of temperature and pressure defined
by Equation (4).

ALI CON = 48.492 + 3.871 X, + 2.409 X2  (4)

where X and Xj are defined as for Equation (1). The aromatic-to-aliphatic
ratio (ARO:ALI) was defined as a linear function of temperature and pressure
by Equation (5).

ARO:ALI = 1.082 - 0.176 X, - 0.099 X2  (5)

where X, and X2 are again defined as for Equation 1. Equations (4) and (5)
were plotted over the ranges of temperature and pressure which were used in
the testing, resulting in Figures 7 and 8, respectively. From Figure 8, it
can be seen that the highest aliphatic content of the first-stage product is
approximately 57 percent, occurring at 4000C and 2800 psi. These are, of
course, the conditions at which the aromatic-to-aliphatic ratio is the lowest,
as shown in Figure 8.
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Analysis of Variance

The complete results of the analysis of variance are presented as
Appendix A, while the conditions and results of analyses of all runs
performed as a part of the matrix or as verification runs are tabulated in
Appendix B. Two criteria of the analysis of variance were used to show that
the mathematical models which were derived are statistically valid. The first
is the R-square value, which represents the degree of fit of the equation to
the data. Generally, R-square values of 0.90 and greater are considered to
represent a "good" fit to the data. As the tables in Appendix A show, the R-
square values were 0.920, 0.999, 0.740, 0.908, and 0.899 for the heteroatom
content, nitrogen content, sulfur content, aliphatic content, and aromatic-to-
aliphatic ratio, respectively. Therefore, based upon the degree of fit, it
would seem that "good" fits were obtained by all models with the exception of
the sulfur content model.

The second criterion is the measure of the interdependency of the
variables in the resulting equation. This was calculated for the total
heteroatom content equation and can be found in the Correlation of Estimates
appearing at the end of the section of Appendix A dealing with this
variable. The correlation matrix presents data which show the relationship
between variables; i.e., the changes in a variable caused by a change in
another variable. Obviously, it is desirable to have independent variables,
and a model is generally considered to be a good one if the abosolute values
of the cor'elation coefficients are less than about 0.6. Given this
criterion, it can be seen that the model which was calculated for heteroatom
content is probably fairly accurate.

Verification of the Predictions of Conditions

The mathematical models were used to predict "optimal" first-stage
processing conditions; these conditions are summarized in Table 8. As
the table shows, the higher temperatures of 3800 -4000C are predicted to
be the most successful at removing heteroatoms and increasing aliphatic
content. The higher pressures of 2650-2800 psig are predicted to be the most
effective in removing oxygen and increasing the aliphatic content.
Intermediate pressures (relative to the matrix) are predicted to be the most
successful at nitrogen removal, while lower pressures are predicted to
result in the lowest sulfur content. Runs were made at fairly high
temperatures of 380 0-4000 C and intermediate pressures to verify the
results of the mathematical modeling and to produce feedstock for
second-stage hydrotreating tests.

Two verification runs were performed: N-432 and N-433. Run N-432
was run at an average temperature of 395 0C and an average pressure of
2384 psig, while N-433 was performed at 3800C and 2250 psig. Using the
mathematical models, predictions were made with respect to nitrogen,
sulfur, total heteroatom, and aliphatic contents and aromatic-to-
aliphatic ratios of the products. These predictions are compared in Table 9
with the actual results of the analyses performed on the products. When
comparing the predicted and actual results, the sensitivity of the analytical
equipment must be taken into account. Whereas the mathematical models can
predict very small values, the analytical equipment has a detectability limit
of 0.01 weight percent.
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TABLE 8

PREDICTED "OPTIMAL" FIRST-STAGE PROCESSING CONDITIONS
FOR GPGP TAR OILS

Temperature Pressure
Parameter (0C) (psig)

Total Heteroatom Content 400 2650

Nitrogen Content 360 - 380 2272 - 2425

Sulfur Content --- 2050

Aliphatic Content 400 2800

Aromatic:Aliphatic 400 2800

The models indicate that Run N-432 was performed at an "optimal"
pressure for nitrogen removal and fairly close to the pressures required
for increased aliphatic content and total heteroatom removal. It must
be kept in mind that the "optimal" pressures are different for each of
the parameters, and that an intermediate pressure such as 2400 psig will
probably produce the best overall results. The temperature at which the
run was performed was too high for predicted complete nitrogen removal,
but was very close to the "optimum" temperature for the other parameters.
Therefore, it would be expected that the product of N-432 would contain
small quantities of nitrogen and sulfur, but that total heteroatom
content would be low and aliphatic content would be relatively high.
As the results listed in Table 9 show, this was the case except that
the product sulfur content was less than the sensitivity of the
analytical equipment (i.e., 0.01 weight percent).

Run N-433 was performed at the "optimal" temperature of 3800 C, but a
slightly low pressure for nitrogen and oxygen removal or increased aliphatic
content. However, it would seem that there would be virtually complete
heteroatom removal in the product of this run and that the aliphatic content
would be fairly high. Analysis of the product of this run proved this to be
the case, as total heteroatom content was reduced to less than 0.01 weight
percent.

To show that conditions which were outside of the predicted ranges would
not result in products of desired composition, the product of Run N-423 was
examined with respect to the predicted "optimal" conditions. This run was
performed at 3450C and 1975 psig, both of which are too low for complete
heteroatom removal and relatively high aliphatic content. The pressure of the
run was, however, fairly close to the "optimum" pressure predicted for the
lowest product sulfur content. The results of the analyses performed on the
product show that, although the sulfur content was predictably low, the
nitrogen and oxygen contents were unacceptably high and the aliphatic content
was low.
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TABLE 9

COMPARISON OF FEEDSTOCK WITH PREDICTED AND ACTUAL RESULTS OF VERIFICATION RUNS

Parameter Feed N-423 N-432 N-433

Avg. Temp. (°C) NAa  345 395 380
Avg. Pressure (psig) NA 1975 2384 2250

Total Heteroatom Content
(0 + N + S, wt %)

Predicted NA 4.48 0.54 1 674
Actual 7.41 5.98 1.22

Nitrogen Content (wt %)
Predicted NA 0.026 0.024 0.000

Actual 0.52 0.23 0.06 --

Sulfur Content (wt %)
Predicted NA 0.017 0.030 0.019
Actual 0.39 0.08 ....

Aliphatic Content (wt %)
Predicted NA 46.44 54.86 52.28
Actual 31.9 45.4 NDC ND

Aromatic-to-Aliphatic Ratio
Predicted NA 1.17 0.80 0.92
Actual 2.13 1.20 ND ND

a Not applicable.

b Actual values of these species are below the detectability limit of the

measurement equipment.

c Not determined.

The mathematical models were successful in predicting conditions which
would be the most likely to produce the desired prcluct composition, as
Run N-433 had a total heteroatom content which was below the detectability
limits of the analytical equipment. The models also successfully predicted
that the conditions of Run N-423 would not result in a desired product
composition. The purpose of the models was not to predict exact product
composition, but to identify the most appropriate conditions at which to
operate the processing equipment. In this regard, the models are considered
to have been successful.

INTERPRETATION OF TIME SAMPLE DATA

Time samples were taken during most runs, and the data were analyzed to
provide an understanding of the reactions which took place as a function of
time. Nitrogen is removed more rapidly during the higher-pressure runs than
during the lower-pressure runs. The comparison of nitrogen content as a
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function of time at two temperatures and two pressures is shown in Figure 9.
A significant difference can be seen between the two pressures illustrated in
this figure, but both show the strong pressure dependence of HDN reactions.

Figure 10 shows that sulfur was removed rapidly during the runs,
especially at hIgher pressures. The figure shows very little difference
between runs with respect to sulfur removal with time with the exception of
Run N-416 which was performed at the low pressure of 1491 psig. The pressure
of this run was not sufficient to remove the sulfur from the feedstock.

The effect of pressure on the hydrogen-to-carbon ratio is shown in
Figure 11. As the figure shows, the hydrogen-to-carbon ratio increased the
most rapidly and to a higher value when a higher pressure was used.
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Figure 9. Nitrogen content as a function of time during
first-stage processing.
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MASS BALANCE

During hydrogenation, heteroatoms are usually removed in the gaseous
phase in the form of H 0, NH3, and H2S. Due to the volume of hydrogen
contained in the gas phase, other species were present in such small
quantities that they were virtually below the detectability limits of the gas
chromatograph. It was possible to ascertain the presence of these species,
but their fate could not be determined in a more precise manner. To
illustrate this, the gas analysis for Run N-414 is given in Table 10. This
analysis is typical of the gas analyses which were performed during this
processing. As the table shows, the product gas contained 98.2 weight percent
hydrogen and very small quantities of other components. The error of these
normalized results is larger than any of the differences that are noted, and
valid judgements concerning the gas analysis cannot be made. Because good
mass balances were obtained for all streams with the exception of the gas
stream, it was decided to look at the liquid stream balance for information
which might corroborate the heteroatom removals detected during the analytical
workups.

A liquid balance should reflect the removal of heteroatoms from the
liquid phase to a limit of those present in the feedstock. In other words, if
all heteroatoms were removed from the feedstock, the mass of the liquid
product would equal the mass of the carbon and hydrogen which were originally
present in the feedstock. This assumption appears to be a valid one based
upon the data. Table 11 presents heteroatom removal and liquid recovery data
from three runs and compares this information with the liquid recovery which
would be expected for complete heteroatom removal. As the table shows, liquid
recovery decreased as the degree of heteroatom removal increased. Therefore,
the liquid balance data corroborate the analytical information with respect to
heteroatom removal.

SINGLE-STAGE PROCESSING

Three runs, N-418, N-419, and N-420, were performed using two other
catalysts: NT550 and Katalco 660. These were nickel-tungsten catalysts on an
alumina support and an experimental silicon dioxide support, respectively. It
was suggested by the manufacturers of these catalysts that they might perform
the equivalent functions of the two-stage processing in a single stage. An
effort was made to compare the ability of these catalysts to remove
heteroatoms and increase aliphatic content with that of the Shell 424
catalyst. It was not possible to directly compare results because Runs N-419
and N-420 were not made at conditions at which Shell 424 runs had been
performed. Therefore, the Shell 424-based mathematical models were used to
calculate the expected product compositions for runs made at those conditions
using Shell 424 catalyst. Because Run N-418 was performed at the same
conditions as Run N415, a Shell 424 run, the actual results of Run N-415 were
compared with the predicted results. This comparison is shown in Table 12.
As the table shows, the predicted results for the conditions of Run N-418 and
the actual results of Run N-415 were similar. It was therefore assumed that
the predictions at the N-419 and N-420 conditions would also be similar to
results which would have been obtained using Shell 424 catalyst. With this in
mind, relative differences were determined between Shell 424, NT550, and
Katalco 660. As the table shows, NT550 behaved in a manner similar to that of
Shell 424. Katalco 660 was different, as the product had a higher oxygen
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TABLE 10

RESULTS OF GAS ANALYSIS OF RUN N-414

Component Normalized Wt%

H2  98.20

CO2  0.06

C3H8  0.19

C3H6  0.00

i-C4 0.02

COS 0.00

n-C4 0.15

H2S 0.10

1-Butene 0.00

t-2-Butene 0.00

i-C5 0.04

C-2-Butene 0.00

n-C5 0.11

C2H4  0.00

C2H6  0.30

CH4  0.81

CO 0.00

Total 100.00

content and a significantly lower aliphatic content than would be predicted
for a Shell 424-catalyzed product at the same conditions. Runs N-419 and
N-420 were run at nominally the same conditions (see Table 6). The results
indicate that NT550 was more successful in lowering the total heteroatom
content and in increasing the aliphatic content than Katalco 660.
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TABLE 11

LIQUID RECOVERIES DURING HETEROATOM REMOVAL

Heteroatom Removal Liquid Recovery
Run (%) (wt%)

N-416 12.42 96.55

N-421 33.06 93.32

N-409 67.88 92.90

theoretical 100.00 92.59

TABLE 12

RESULTS OF SINGLE-STAGE PROCESSING

HCa Nb Sc  Aliphatic
(wt%) (wt%) (wt%) (wt%) Aro:Alid

N-418 - NT550
Actual 3.72 0.43 0.00 45.60 1.19
Predicted 3.84 0.01 0.02 47.72 1.12
Run N-415 2.73 0.01 0.00 47.50 1.11

N-419 - NT550
Actual 2.78 0.08 __e 46.20 1.16
Predicted 1.39 0.08 0.02 52.35 0.91

N-420 - Katalco 660
Actual 4.99 0.27 -- 43.60 1.29
Predicted 1.09 0.09 0.02 52.99 0.88

a Heteroatom content.

b Nitrogen content.

c Sulfur content.

d Aromatic-to-aliphatic ratio.

e Undetected.
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RESULTS OF SECOND-STAGE PROCESSING

Feed For Feed
N-424, For
N-425 N-424 N-425 N-435a N-435

Date 12/16/87 12/18/87 8/03/88
Temp. (°C) 150 200 205
Pressure (psig) 750 700 750

Elemental Analysis (wt%)
C 83.74 87.25 86.78 88.13 88.56
H 10.28 10.16 10.14 11.27 11.2
N 0.23 0.29 0.29 90.03 --

S 0.08 0.04 ......
0c  5.67 2.26 2.79 0.58 0.17

Total Heteroatom
Content (wt%) 5.98 2.59 3.08 0.6 0.17

Aliphatic Content (wt%) 45.40 41.40 42.60 ND 53.13
Aromatic:Aliphatic 1.20 1.42 1.35 ND 0.88

a Values calculated as an average of the values of the products of Runs N-432
and N-433; the two feeds were combined in a i:1 ratio.

b Undetected.

c By difference.

d Not determined.
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As Table 13 shows, the products of Run N-424 and N-425 did not exhibit an
increase in aliphatic content. This may be due to one of three reasons: the
catalyst itself was ineffective in this particular system, the conditions at
which the processing was performed were not optimal for the catalyst, or the
heteroatoms which were present in the N-423 product which was used as
feedstock poisoned the catalyst. The results of Run N-435, which utilized the
more "optimal" feedstock, were much more encouraging, as the resulting product
was relatively enriched in aliphatic content compared to other samples
obtained during the research. It should be noted that the specifications for
jet fuel list a maximum aromatic content of 25 weight percent; i.e., 75 weight
percent aliphatic content. Even the aliphatic content of Run N-435 did not
approach this target, which could be due to poisoning of the catalyst by the
undetectable quantities of heteroatoms that may have been present in the
N-432 and N-433 products. These results indicate that, although the first-
stage products appear to be excellent candidates for high-density fuels due to
their high aromaticity, the second-stage catalysts which were used were not
effective in producing a product with a low aromatic content.

CONCLUSIONS

* The mathematical models derived from the statistical analysis of the data
appear to be statistically valid. The results of Runs N-423, N-432, and N-
433 successfully verified the mathematical models' usefulness in predicting
"optimal" conditions at which to perform the processing.

* During the first-stage processing, it is possible to reduce the heteroatom
content of the GPGP tar oil stream to below the detectability limits of the
equipment.

* The product of the first-stage processing would be a good candidate for
further processing to produce specification-grade JP-8 or high-density jet
fuel due to its high aromaticity.

" Generally, the higher-pressure runs removed heteroatoms and increased
hydrogen-to-carbon ratio at a more rapid rate than did the lower-pressure
runs.

* The liquid balances which were calculated for the runs corroborated
the analytical results.

* The single-stage processing which was attempted was unsuccessful. One of
the catalysts which was tested behaved similarly to the Shell 424 catalyst
which was used during the first-stage testing. The other catalyst was less
effective at heteroatom removal. Neither catalyst successfully increased
the aliphatic content.

" The results of the second-stage testing indicate that the catalysts which
were used were not effective at saturating the ring structures. This could
be due to poisoning of the catalyst due to minute quantities of heteroatoms
present in the second-stage feedstock, poor operating conditions relative
to the catalyst, or ineffectiveness of the catalyst in this particular
system.
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RECOMMENDATIONS

Further second-stage testing should be performed to investigate the
effectiveness of different catalysts at saturating the ring structures in
order to achieve specification-grade fuels.
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LIST OF ABBREVIATIONS AND SYMBOLS

ALI CON aliphatic content
ARO:AL! aromatic-to-aliphatic ratio
ASTM American Society for Testing Materials
bbl barrel
Btu British thermal unit
°C degrees Celsius
g gram
gal gallon
GC gas chromatograph
GPGP Great Plains Gasification Plant
HC heteroatom content
HDN hydrodenitrogenation
hr hour
JP-4 Grade 4 jet fuel
JP-8 Grade 8 jet fuel
JP-8X high-density Grade 8 jet fuel
KF-water water determined by Karl Fisher titration
kg kilogram
MS mass spectroscopy
N nitrogen content
NMR nuclear magnetic resonance spectroscopy
NT550 Ni-W catalyst on an alumina support
P pressure
psig pounds per square inch gauge
scf standard cubic feet
SNG synthetic natural gas
sp. gr. specific gravity
S sulfur content
T temperature
THFI tetrahydrofuran insolubles
vol% volume percent
wt% weight percent
Xi temperature factor in modeling equations

pressure factor in modeling equations
%2 percent
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APPENDIX A

STATISTICAL EXPERIMENTAL DESIGN
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".1'35 1.22190418 0. 189 0. 0673

X 4 1 0. 1 -/ ' bU 1. 1. t 20893 0. 168 0.8822

' -. .,ZC: '"3.J 5.22,;' W6120 -0.474 0. 6022
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EkacI-:iwa~rd ElimTi naticon Itr:cd uret fo~r Dc~pendeai: V.''i able 'Y

S t a L' Cill Ve-ri abicn Entcorc'd R---qUar-. O. Y-- 6Ll5796 C (P) 0. )II1000

DFSUM O*F 3Ui-Cit Mea~n S F r-cab ro > F

RegCr c55i on .2 '5.7922 5.936U .4 0. 15 14
Erior-. 1 . 72F37049 z3 0. 04:!b249
Total 27. 20568750

Panamter Sta.nda.rd r y p czI
V~ r- b I ,Est i mat c- Error- Sum of Squa~res F Prob >F

1 INI rI:.kfCLP W. 57? 1,13 -5 0. 6561 56Z313 24. J25624 VI. 7 . 0 Al41

-11. 933D1 2 C 1 . 0 6 -5/18 SO6, 2. 65558628 3.710 0~j .'2 0 El
X. I1: 8149/ Q0. 77 113 6 . 1 0.* 9 66 149 S 1. 1 1. 10. -1017

W. 2313054zi* 1. 22190418 0. 0309,:3 36 .1 V. 1,367:5
x4 110. 1@70759 1 . 1 1.. 270 3 9 10. 0 2 4 33 7S 1 4 0. 3 '. 3E2
X5 --. 22-59 0. 532361-ao Ca.19 4:WY 8 .Y'2 0. 6022

Ucounci a n cond i n run:ie-. 5.00vi93ijY..

S tp 1z p ~ 3 Ib X4i 1"~emov.ecI -A.lr 4 4 C (p ) 4. L:J.1 4

U's~ ,* SqL..Mv-in SC4UL-:rC F: Fr ob>'.F

F ':' .-ri 4 e54264A 6-. 6.161 9Y 00 0' . VI3.93
Error* 1.7Z53 1 0.5 0 4:r.4 -/0

Jt ? 27. 2bb j

PFr, Ame t r-GLan cltt dr-d Typv I I
Va-I ~b I u L i matII A- _ Er ror , Sum ofS ~3u r es I ca

jI H rp VERCE 5. F:);La{9 14 0li. 1. 1: 12 3 17 3 29i. :3f597 85 91 5 24 Eli. 0 05 a
~.1-1 80 1 10o. io 1 0 . S M6 .1 77 5. 541 43764- V.4 0 . 0 t42

- 04? 177V 1'.1 0. 4 57 615"3 1 2. 263399634A 3 , 9 i 0 . 1425"
V,. -1.0JU i a5J1' 0 . A-r-0711.B W.2 1'191 4 Q). .'S".: 0 . 5891

xS -5C). 12 911886 37 U . ._:;9,(1E 16527 C.. .31 07i 1 j0 (155 0. 'j 36

01-1nci' cr con di t : on niimicar .o. 3 ~~i
4-

!S3fopj 2 Var-i-.ble' X3 G'mva (p.rc 0. '-L 9.. ' 2

FSum of Squa*reo Mean Sciuare F Pr ob Li I

r?-is i C)n 2 l. 24 0j7343'1 L. B. 41 .-:' 78 1 1", .. 0 09
Er r a r 4 t. 9649153 16 0 . 4 91 2 3U2 9

T .7 ' 2' '0 Id/'12j

FAr amctc'r Starid rd Tvr rI

Var .i:b1*'-1..1mHt rror- Siv al: O'Bci'ar-ecr- F Pr-obl.)
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I NTEFCE- . :u,.yF, 1 0. 410 7b771 S.3?i16-5 7/. 04 L .. 09
X 1 -'2. 01.5916- 4 6. 42LK0h048 to. 976 t i5600 22. 34 0.0 091
1. 7 --. 7 /152%3 . 30468850 2. 7071 0I230J '. 5:1 W. 0707

x-, -0.22:26&u W. 348492 . 0. 2 1. W-I 15 . 4 0. 5482

boundc s an condci Uon numbur:' .. 3 1 1 -2160

$-Lc.p 2- r 3:- .h L :.QIOm ved R-,qE.uare W. 92002723 C(p) .. ,1716092

l- : Sum of Squesd, ' Men-i Squaro-- F Pr-nb>F

.i .2- 15.02997311? ..: .28.761 'J, .7 . @0 318

Err r U 2. 1 75 / 1 4 7 1 V). 435 :A. 4 2 86
,l.'-. 7. 27 .2056 5 '

Far amee r St £, ,dar c I yp e I
Var i ab I Estima EI" A Of o Sum1 nSq.a. r Cr" F ll oh :

I6 I F7 .5 5 60. 5-0 iI / 0L, ''06 7N67 r ) & v1"
..... .06>11 31.20 6 2 2 . ,?66!.< ).' to?": .. yy; .IL! ]

I - .:. ' . 4 ./, 0 1 ;9 i 1  j I fW. I I.L( 1.. .4 '2. i:.'".X'L:::- C:') - ) ;I,1 7 ~ .. 1)..? 11 ,.5 ,:: I.'" i 76</' 64l@.kl

I I 'ari. l .an i -n W mo.dil are -. tj l i - ant A. the 0. 1'LI level .

A4



SAS 10:15 Wednesday, January 20, 1988

4

Summary of Backward Elimination Pro.edure -For Dependent: Variable Y

Variable Number Partial Model

Siep Removed In R *2 R*2 C (p) Prob'F

I X4 A 0. 09 0.9356 4.03282 0.0282 0.8822
.278 7 .. .360.6 0.5-395

X 2 0.0077 0 . 920W 0. 5172 0. 4 V Q 0. 5482
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Mod2(t . : I'iifI:I:L. .

'lodel Crosproduct.s XK X Y V Y

S1H E R I-'- X P X

I EILL-' N0 2. 2 :] r 0 70. t. I1 3, f"

X7 . r S 4. .)9C,1 '3F38C8jt9 2.-31 1 7:7 -. 1 779244444
x "::'- 0.7 11 41.".'.3 :1 3 : 3 " 7. 31 " :. 9 s-, co.: to I -f --

x2. 31 2 .:.-. 1 7792',444 1. 7980:";01:.5. 7. 035U1:'186 7
(I !' .: 9.- - ; 88:" 1 - " 9 -;;7L 1 1-. I 7792.441 ,14 2. 0." 1 0 0 V-: 8 15

,,,5 7..5 J ".: /. 79'..S 15..:'.j "- 1.67 650 0 2. 327 9.- 1
, 77 -z. 92.9666667 -1 . z. 7 . 4.4 20667

A "K, X 4 XS

11H11 FZkI.O2. I.-' 4l U 9888!8EIOBY8 7 .. :,.17:2 2'3.7/

x I 7591.79.:!; Ij4 . 7 '980.1: 3: --. 9.t;96 66 /
XK..' 1 792,1l 1 44A -- 1. L7766:", 0 - 1 '. 060142

5:.16948315 i 2 .::.d N 1 7.4741206667
.. 1 - ..:. 0- 1 t67 1 1 2 2' 8544444

5 .- ..Jbc, 1o7 1. C, 1.6:344435 2A . 64088276x 5 ,. r, :*: ,. 1,, ,_& 7' 1. 10..,9.16.,
1. 4854444 l .21.6400276 Y7. -

x '1 .1 ii ' v e F. .* :'r -ame : er IUs. i maLes., an , 3 -

I I ,ItIKSL ' i CR'EP X 1. X:

i HI 1-:lICl.-' 1 /97'4Vv-1 4 7 4 1 a7390(9 .;. 4:;?i'277:31
.i 14 6. /'-:'. ..4 V- 666,5663 l4. . 1 25 L5) 6,-,47 02. 4 4749L2
/-. o j j / ';'19 -. 1V .15 .1. 1.8 3 27 1467 --. 1 ' 1 7864

3 .L, :Z/ 77 1 - - 4,.7:" ' 7 .['-/52 --6, 6? dl ,7864 : .5" : 431 @5
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6

Dep Variable: Y

Analysis of Variance

Sum of Mean

Source OF Squares SqILarc F ValUe Prob>F

2lodel 2 25. 099i 1. 5199 26.761 0. 0018

Error- 5 2. 175/ i. 0. 43514

C Tota1 7 27. 2,569

Root MSE 0.65i965 R-Square 0.9200
Del.I)h-ean 2. 9;'12.5 Adj R--S9c 0. asurk

C. V. 2:2.20 121

FParaneter Estimates

Par amieter Standard T for HO:

Variab1e Dc F Estimate Error Parame. cr- O  F'rob > I]1-

I NI ERCEP 1.4:3002. 0. 6073. 1.7 0. 0001

Xl 1 -2. &:;N475 0.,99 .7. - 103 0 0038

X2 1 -0.6 74 .4 0. 2 066521 -2. 40.3 0.6 1. 4

Standar di zed

i -bi. e vjF"F ]p e 1'. SSype E SS Es imat c o . pran Ce

I N I 'CEP 1 70. -:. ,i. 75 .553605 0.00000 0

X 1 1. '.t 10 11. 31 04 -0. 739&79:14 i.76173 .69

. 2. 511764 2. 11764 -0. 34H822369 Qj. 76153B169

V r i an (zco r'

V :, r i a1.) 1)1- In+ I at:i ajn

.E Hi FtFLIEFY 1 {Q1. O2(JVlj:jJI/1ii

PC 1. 1. 0OW1 •3 1 : 40169
X 4.: w I. d3. 0 9. ;

Govariance of Estimates

* I ; l'i ERC:IE": x 1. X 2

INTERCEP . 0W,5 3 .... -1.34'i371 1.t3i3 .

X 1 -. 453 7l 153 . 1 59,5487629 -. 054763012J 14 1.

12. 005)02 ?:5.';.::, 5 -. 054763014.1 .0 7877296 .i 79

A7



10: 15 Wednesday, January 20, 1966

7

INrIE.EP X1 X2

SN i i- :L . 0000 -0. 4.304 (. 2854
X I -0. l:36i! 1 . 0000 -0. 4885
X 0. 26 54 -0. 4885 1. 0000

Fredi ct Std Err K ower95% Upper95% Lower/5% Upper9t%
Ob L Vauet ue 'r 2d i. ct Mean I ean Pred i c. Fr eCA i c t.

1 1. 1, t' 1. 5664 0.437 0.4A 49 2. 69 19 -0. 4657 5.6025
2 2. "00 2. 4!- > 0. ,50 1.180Y 3.802 0. 350' 4. 635.3

1. .1 it0 '0 0 . E02.8 0. .8, -0. 1878 1. 79:34 -- 1. J.610 ,. /b b6
41 4.31 4.5779 0. 2 , s. (a:-.* 2. 59&:'. 6. 5595
5 I. Obw.o' 0. 92 11 0. , "70 -0. 03 11 I. - .. 0. / :,. 86-a
6 2.?30, 3.6339 0,280 2.91.40 4. 3530 1. 7917 5.4 760
7 6.49 00- 6.2229 0.506 4. 227 7.52:31 11. .L861 , .3597
8 4.500 . 5497 .275 2. 42: 4. :257 . 1 . p1 4 5. . ,871

Std Err Gt.Udeunt Cooo:
I Ob.s ,': i dL ,l Fe i idua. ',.i dual -2- --0 1 2 D

I -0. 408i -. 494 --0. 827 V. 178
2 -0. 11 o:.. W. 419 -0. 270 (".0.6
3 0. .7.' 0.5:5: 0.630 1 0.6 1 ,!-9
4 -0. 679 0. 525 -I,. 510 " *0. 050

0.1389 .. 546 0.255 0.010
6 --0. 9039 0.597 --1.. 513 i W 0. 168
7 0.2 ,7 . 1?6. 6 I; 13 0. 1E9

S.50-, 0 6 ') 1. :., 5 W ?. 176

Sim.| o:f R'es5idu N (:it-' '3 .996S:E-15

'Sumr : of Scurl d. I I:; e .idua ]. 2 '. 1757

'",,d c~t.:d F ,i d SS, (F'rt., ) 4 .0 ,j V)0 A
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NOIIE: Copyriqht(c) 1985 SAS Institute Inc., Cary. NC 27511, U.S.A.
NOTE: SAS (r) Proprietary Software Release 6.02

Licensed to UNIVERSITY OF NORTH DAKOTA, Site 11524001.

NOI. ii: : II i)[X&0.. pr orausinq 4,imp eted.

1 option ps=56;
4L data set jetfuel;

infile "b: jet.dat;
4 input temp press n s aliph aro ali;
5 xI = (temp--360) /30;
6 x2 = (press-2000)/500;
7 x3 xl*x 2;
8 x4 xl*xl;
9 x5 = x2*x2;

10 run;
NOTE: The infile "B:JET.DAT" is file B:\JEI.DA1.
NOTE: 8 rec:ords were read from the infile B:\JET.DAT

The maximum record length was 32.
The minimum record length was 32.

NOTE: The data set WORK.SET has 8 observations and 11 variables.
NOTE: The data set WORK.JETFUEL has 8 observations and 11 variables.
NOIE: The DATA statement used 34.00 seconds.

t 1 proc req;
model n s aliph aro..ali xl--x5 I r;

17 run;
14 proc reg;

NOIE: The PROCEDURE REG used 2.17 minutes.
15 model n s aliph aroali - xl-.5 / method-b r;
16 run;
17 qui t;

NOTE: rhe PROCEDURE REG used 2.85 minutes.
18 proc reg;
19 model s x2 x5 / r;
20 run;
21 quit ;

NOTE: The PROCEDURE REG used 1.00 minutes.
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SAS 12:236 rhursday, March 3, 1988 1

ModeI : MODEL1
Dep Variable: N

Analysis + Variance

Som o+ Mean

Source DF Squares Square F Value Prob.>F

Mode] 5 0.00001 0.00000 1194.820 0.0008

Error 2 0.00000 0.00000

C Iotal 7 0.00001

Rc:ot MSE 0.00004 R-Square 0.9997

Dep Mean 0.00086 Adi R-Sq 0.9988

C.V. 4.39794

Parameter Estimates

Parameter Standard ' for HO:

VJariable DF Estimate Error Parameter=O Frob ITI

INTERCEP 1 0.000104 0.00002678 3.889 0.0602

X1 1 0.000040989 0.00004416 0.928 0.4513

X2 1 -0.000661 0.00003268 -20.217 0,0024

X 1 -0.000722 0.00005220 -13.838 0.0052

X4 1 0.000655 0.00004682 13.982 0.0051

X5 1 0.000602 0.00002168 27.780 0.0013

Dep Variable: S

Analysis o Variance

Sum of Mean

GSoo r ce DF Squares Square F Value Prob.. ,F

Model 5 0.00000 0.00000 2.3b$ 0. 32•.:..

Error 2 0. 00000 0.00000

C Total 7 0.00000

Root MSE 0.00032 R-Square 0.6554

Dep Mean 0.00056 Adj R-Sq 0.4939

C. V. 57. '3974
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SAS 12:36 Fhursday, March 3., 1988 2

Parameter Estimates

Parameter Standard I for HO:
Variable DF Estimate Error Parameter=0 Prob > :TI

INTERCEF 1 0.000014705 0.00022768 0.065 0.9544
X1 1 -0.000011615 0.00037552 -0.031 0.9781
X2 1 --0.000189 0.00027789 -0.680 0.5665
X-3 1 0.000123 0.00044389 0.27i 0.8077
X4 1 0.000214 0.00039809 0.537 0.6449
X5 1 0.000428 0.00018432 2.323 0. 1459

Dep Variable: ALIPH

Analysis of Variance

Sum of Mean
Source DF Squares Square F Value Frob>F

Model 5 144.72367 28.94473 7.021 0.1294
Error 2 8.24508 4.12254
C Total 7 152.96875

Root MSE 2.03040 R-Square 0. 9461
Dep Mean 49.31250 Adj R--Sq 0.8113

C.V. 4.11742

Parameter Estimates

Parameter Standard T for- HO:
Variable DF Estimate Error F'arameter=O Prob :T-:

INTERCEP 1 49. "740984 1. 43327831 34. 355 0.0008
X1 1 2.199264 2.36392880 0.930 0.11504
X2 1 3.693924 1.74935358 2.112 0.1691
X.3 1 -2.655819 2.79432798 -0.950 0.44?"-...
X4 1 1. 3203$ 4 2.50604090 0.527 0.6509
x' I -0. 1573:38 1. 16033701 -0.1.6 0.9046

Dep Variable: ARt] -ALI

Analysis of Variance

Sum of Mean
Sour ce DF Squares Square F Value Prob>F

Model 5 0.27914 0.05583 8.689 0.1064
Error 2 0.01285 0.00643
C rotal 7 0.29199

Root MSE 0.08016 R-Square 0.9560
Dep Mean 1.04375 Adj R-Sq 0.8460
C.V. 7.67979

All



SAS 12:.!6 [hursday, March 3., 1988 3

Parameter Estimates

Parameter Standard T for HO:
Variable DF Estimate Error Parameter=0 Prob > 1T,

INlERCEP 1 1. 0:1494 0.05658402 18. 229 0. 0030
Xi 1 -0. 104882 0. 09332493 -1. 124 0.3779
X2 1 -0.155370 0.06906228 --.2.250 0. 1534
X. 1 0.121732 0.11031655 1. 103 0. 3848
X4 1 -0.041598 0.09893534 -0.420 0.7150
X5 1 0.016151 0.04580864 0.353 0.7581

Predict Std Err Std Err Student
Obs N Va I.ue Predic:t Resi dual Residual Resi dual.

1 0 1 .623E-5 0.000 -- 1. 62E-5 0.000 -1 .78
0.00280 0.00279 0.000 1.13E-5 0.000 1 .386

S4E-4 4.291E-4 0.000 -'2.91E-5 0.000 -1 383

4 0.00220 0.00221 0.000 -9.44E--b 0.000 -1 391
50 -73.75E- 0.000 :3. 745E-5 0. 000 1. 376
6 IE-4 1. 0661'-.4 0. 000 -6.59E-4 0.000 -0. 2.146
7 0.00130 0.00130 0.000 2.523E-6 0.000 1.411

8 IE-4 8.996E-5 0.000 1.004E--5 0.000 0.374

Cook :'S

Ob s -2-1--0 1 2 D

I ** 1 2.966
2 i* * i6.605

* 0.721
4W 9.757

0.298
6 1 0.010
7 148.777
8 i 0. 02'!

Sum of Residuals -2.81893E-18
Sum of Squared Residuals 0.0000
Predicted Resid SS (Press) 0.0000

Predict Std Err Std Err Student
Obs S Val.ue Predi(::t Residual Residual Residual

I 8E-4 6.584E-4 0.000 1.416E--4 0.000 1.414
2 7E--4 7.98E-4 0.000 -9.8E-5 0.000 -- 1.414
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Predict Std Err- Std Err Student
Obs S Value Predict Residual Residual Residual

6E-4 3. 474E--4 0.000 2.526E-4 0. 000 1.414
4 0.00120 0.00112 0.000 8.149E--5 0.000 1.412
5 2E-4 5.272E-4 0.000 --3.27E--4 0.000 -- 1 414
6 0 1.8F-5 0.000 -- 1.8E--5 0.000 -0.079
7 0.00100 0.00102 0.000 ...-2.05E-5 0.000 --1. 350
8 0 1.194E-5 0.000 -1.19E-5 0.000 -0.052

Cook' s
Obs -2-1-0 1 2 D

1 .I3. 124

2 6. 87
0. 753

4 10.059
5 i 0.314
6 0.001
7 136.298

8 i 0.000

Sum of Residuals -4.69256E-19
Sum of Squared Residuals 0.0000
Predicted Resid SS (Press) 0.0001

Predict Std Err Std Err Student
Obs AL IPH Value Predict Residual Residual Residual

1 54.2000 53.5817 1.930 0.6183 0.630 0.981
2 49.7000 50.1165 1.983 -0.4165 0.436 -0.954
3 54.8000 53.7161 1.691 1.0839 1.125 0.964
4 44.1000 43. 7611 1. 998 0. 3389 0. 363 0.93w-

5 52. 0000 53. 4362 1.415 -1. 4362 1. 457 -0. 986
6 47.5000 49.0.343 1.436 -1.5343 1.436 -1.069
7 41.6000 41.6611 2.028 --0.0611 0.096 -0.638
8 50.6000 49. 1930 1.433 1.4070 1.438 0.978

Cook " s
Obs --2-1-0 1 2 D

1 i 1.502
2 1 3. 131

1* 0.350
4 .4.3 90
5* 0. 15.3
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Cook 1 s
Ob s 1 -0 1 2 D

6 i 0.190
7 i i ., .0. 403
8 i * 0. 158

Sum of Residuals 0
Sum o+ Squared Residuals 8. 2451
Predicted SRSid SS (Press) 1025. 73.2

Predict Std Err Std Err Student
Obs ORO ALI Value Fredict Residual Residual Residual

.1 0.8500 0.8699 0.076 --0.0199 0. 025 --0.798
1.0100 0.9968 0. 078 0. 01' 0.017 0.768
0.8200 0.8546 0.067 --0.0346 0.044 -0.779

4 1.2700 1.2807 0.079 -0.0107 0.014 -0. 744
0.920 0.8737 0. 056 0. 046:.; 0.058 0.804

6 1.1100 1.0416 0.057 0.0684 0.05/ 1.207
/ 1.4000 1.-984 0.080 0.00159 0.004 0.420
B 0.9700 1.0344 0.057 -0.0644 0.057 -1.134

Cook " s
Obs -2-1--0 1 2 D

1 * 0.995
* 029

C *0.229

4 * 2.791
* 0.1.02

6 0. 243
7 13.168
8 0.213

Sum o+ Residuals 4.440892E-16
niun of Squared Residuals 0.0129

Predicted Resid SS (Press) 0.8004
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Backward Elimination Procedure for Dependent Variable N

Step 0 All Variables Entered R-square = 0.99966533 C(p) - 6.00000000

DF Sum of Squares Mean Square F Prob>F

Regression 5 0.00000860 0.00000172 1194.82 0.0008
Error 20.00000000 0.00000000
Total 7 0.00000860

Parameter Standard Type II
Variable Estimate Error Sum of Squares F Frob>F

INTERCEP 0.00010414 0.00002678 0.00000002 15.13 0.0602
X1 0.00004099 0.00004416 0.00000000 0.86 0.4513
X2 -0.00066071 0.00003268 0.00000059 408.71 0.0024
X3 -0.00072242 0.00005220 0.00000028 191.50 0.0052
X4 0.00065459 0.00004682 0.00000028 195.48 0.0051
X5 0.00060219 0.00002168 0.00000111 771.71 0.0013

Bounds on condition number: 5.4825 99.5

Step I Variable XI Removed R-square = 0.99952119 Cy) 4.86143709

DF Sum of Squares Mean Square F Prob>F

Regression 4 0.00000859 0.00000215 1565.62 0.0001
Error 3 0.00000000 0.00000000
Total 7 0.00000860

Parameter Standard Type II
Variable Estimate Error Sum of Squares F Prob>F

INTERCEP 0.00010304 0.00002613 0.00000002 15.55 0.0291
X2 -0.00063467 0.00001636 0.00000207 1504.66 0.0001

X3 -0.00076312 0.00002766 0.00000104 761.31 0.0001
X4 0.00068736 0.00003002 0.00000072 524.12 0.0002
X5 0.00061162 0.00001870 0.00000147 1069.36 0.0001

Bounds on condition number: 1.6134. 21.3751

All variables in the model are significant at the 0.1000 level.
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Summary of Backward Elimination Procedure +or Delp-edent Variable N

Variable Number Par ti al Model
Step Rem(noed In R**2 R**2 C (p) F Prob >F

1 X. 4 0.0001 0).9995 4.8614 0.8614 0.451,'7
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Ba(. ward Elimination Procedure for Dependent Variable S

Step 0 All Variables Entered R-square = 0.85538904 C(p) = b.00000000

DF Sum of Squares Mean Square F F'rob>F

Regression 5 0.00000123 0.00000025 2.37 .
Error 2 0.00000021 0.00000010
lotal 7 0.00000144

Parameter Standard fype I I
Variable Estimate Error Sum of Squares F Fr oh F

INIERCEF 0.00001470 0.00022768 0.00000000 0.00 0.9544
Xi --0.00001162 0.00037552 0.00000000 0.00 0.'9/bI
x2 -0.00018906 0.00027789 0.00000005 0.46 0.5665
X 0.00012298 0.00044389 0.00000001 0.08 0.8077
X4 0.00021383 0.00039809 0.00000003 0. .:19 0.6449
XS 0. 00042812 0.00018432 0.00000056 5.Y, 0. 1.45?

bounds on aondiLion number: 5 . 48 2 5 , 99.5

Step 1 Variable XI Removed R-square 0.85531986 C(p) 4.000956/8

DF Sum of Squares Mean Square F F'rob

Regression 4 0.00000123 0.00000031 4.4:"_:, 0. 1256
Errc)r :% 0.00000021 0.00000007
lotal 7 0.00000144

Farameter Standard Type I I
Var i ab 1e Estimate Error Sum of Squares F Prob F

INIEkCEF' 0.00001502 0.00018576 0.00000000 0.01 0.9407
X2 --0.00019644 0.00011633 0.00000020 2.85 0.1899
x3 0.00013452 0.00019666 0.00000003 0.47 0.5431
X4 0.00020455 0.00021348 0.00000006 0.92 0.4087
x5 0.00042545 0.00013299 0.00000071. 10.. 0.0494

Bounds on condition number: 1.6134, 21. 3751

Step 2 Variable X3 Removed R-square = 0.83275584 C(p) =2.31302193

DF Sum of Squares Mean Square F Frob.::F

F:eqr ession . 0.00000120 0.00000040 6.64 0.0494
Error 4 0.00000024 0.00000006
lotat / 0.00000144

Pa r, meter Standard I ype I I
Var i able Estimate Error Sum of Squares I- I-rob >F
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INTERCEP 0.00000840 0.00017273 0.00000000 0.00 0.9636
X2 -0. 00015534 0. 00009275 0. 00000017 2.60 0. 1693
X4 0.00026735 0.00017946 0.00000013 2.22 0.2105
X5 0.00044147 0.00012189 0.00000079 13.12 0.0223

Bounds on condition number: 1.0432, 9.2712

Step 3 Variable X4 Removed R-square - 0.73996072 C(p) - 1.59639804

DF Sum of Squares Mean Square F Frob>F

Regressi on 2 0.00000106 0.00000053 7.11 0.0345
Error 5 0.00000037 0.00000007
Total 7 0.00000144 IZ

Parameter Standard Type II
Variable Estimate Error Sum of Squares F Prob>F

INTERCEP 0.00015917 0.00015611 0.00000008 1.04 0.3547
X) -0.00015025 0.00010337 0.00000016 2.11 0.2058 |
X5 0.00042651 0.00013548 0.00000074 9.91 0.0254 J
Bounds on condition number: 1.0361, 4.1445

Step 4 Variable X2 Removed R-square = 0.63009214 C(p) 1.11590356

DF Sum of Squares Mean Square F Prob>F

Regression 1 0.00000091 0.00000091 10.22 0.0187
Error 6 0.00000053 0.00000009
Total 7 0.00000144

Parameter Standard Type II
Variable Estimate Error Sum of Squares F Prob>F

INIERCEF 0.00013875 0.00016928 0.00000006 0.67 0.4437
X5 0.00046329 0.00014492 0.00000091 10.22 0.0187

bounds on condition number: 1.0000, 1.0000

All variables in the model are significant at the 0. 1000 level.

A18



SAS 12:36 Thursday, March ?. 1988 to

-i mmir y of BHeA-kward El iminat ion F'rocedt.re for Dependent. Variable S

Va riab1e Number Par tial Model
't ep Removed In R**2 R**2 C (p) F Prob >F

1 X1 4 0.0001 0.855 4.0010 0. 0 0.9781
X.7 0.0226 0.8328 2.31 -0 0.46/9 0. 5431
X4 I" 0. 0928 0. 1400 1.5964 .:'194 0. 2 lot)

4 X2 1 0. 1099 0. 6.301 1.1159 12. 112,i 0. 2058
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Ba:. kwar d El I mi nat i on Procedure for Dependeit Var iab 1 e AL. I PH

Et ep 0 ULi Vari abl Entered R- square .= 946099958 C (p) 6.00V00[4

DF Sum of Squares Mean Squar e F Frob F

Pegresi CI n 5 1,14. 12367810 26. 9447-416 7.02 :, . 1294
Err or 8. 24507920 4. 12253960

1 c) t :I i 7 152. 9 68-75 000

Parameter- Standard I ype I i

ar iabl e Est i 17at.te Err or SIm of hquar eS F: F'r. h >F

I N i EPJI-EP 49. 24098449 :1,. 437278'r1 4865. 83:-%37841 11130. .:. 0.008
x] .:: 1992639 2. 0639288. 566210. .. 82 0. 4504

7 .9' 69392410 1. 749:35358 1.: 38169577 4.46 0.1691

A - .65501867 2. 79432/98 3. 72397637 0.90 0.442.
x - 1 320 36425 2. 50604094 1. 14439523 0. 2 : 0.6509

0. 157:.7 (4 1. 160337 :1 0.0 579871 Q.. 0'.;". 0.9046

BOL.-IdS (n c(-ondi t. on number : 5. 4825 99. 5

:ihep I Va-iri able X5 Removed R-s quare 0 .94560407 C(p ) 4. 018 38641

DF. Sum of Squares Mean Squar e F Frob.:- F

Reqress ion 4 144.6478"7209 36. 16196802 13. 04 0.0307
Err or .. 8.320 7791 2. 77.62597
f (t a 1 1 1.52 . 968 75000

Parameter Standar d Iype I1.
Var:i. .ble Estimate Error Sum of Squares F Prob:>F

I N F[~FEF' 49. 12061816 0 .9,"02)116 7855. 10929612 2832.07 0.0011
-. 18490' :/./0 1. 71298571 :.96878: 1 1.4. 0.3175

X2 3° 81568,71: :I.. 23141899 26.6:3 064672 9. 0. ('531
x-. -2. 83693[001 2. 012 182 5.50753882 1.99 0 .25 7 1.6
' 1.46980135 1.04612174 1. 75810:378 0.63 0.4811

L-ion mds on condition nurnber: 4. 2299. 56. 95173

it e. .: .r abl e X4 Re(ved F.(:uare = 0. 93.411084 C (p) - 2.44484776

L)F Sum nif Squares Mean Square F Pr oh ::F

l<mruss n - 1 42. 889768 ::!1 47. 6299227 7 18. 90 0. 0060
r r )r ,0 t. 0 7t.198 69 2. 51 9 74,54'
,t I / 1.-. 968 75000

Far amet er Standard Fype II
Var table Estimate Errcr Sum of Squares ' Fr-ob -:F
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[NTERCEP 49.'24810930 0.86642291 8140.96580094 2:!0.U7 0.0001
X1 2.99129195 1.18040876 16. 181151 1 6.42 0.0644
X'2 3.1961/882 0.90969013 I.10511656 12. 4 0. 0246
Y3 --1.66542249 1. 30962426 4. 07485437 I. 2 0.2724

bounds on condition number: 2. 38289 18.8986

Step 3 Variable X3 Removed R-square 0.90747237 C(p) 1.43328080

DF Sum of Squares Mean Square F F'rob>F

Regressi on 2 138.81491394 69.4074.5697 2- 4. 5 0. 0026
Error 5 14. 15383606 2.83076721
Total 7 152.96875000

Parameter Standard Type II
Variable Estimate Error Sum of Squares F Frob >F

I NTERCEP 48. 49231 ":!85 0.66822345 14907.55924729 52.26 0.0001
XI 3.87056715 1.01403639 41.24262371 14.5/ 0.0124
X2 2.40869424 0.70631551 32.92077253 11.63 0.0190

Pounds on rondition number: 1.2 7 8 6 , 5.1145

All variables in the model are significant at the 0. 1000 level.
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Summary of ba::kward Elimination Proc:edure for Dependent Variable ALIF'H

Variable Number Far ti. al M odel

Step Removed In R :*2 R**2 C(p) F Prob .:F

I X5 4 0.0005 0.9456 4.0184 0.014 0.9046

X "I 3 0.0115 0.9341 2.4448 0. 63 9 0.4841

X.:!. 2 0.0266 0.9075 1.4333 1.6172 0.2724
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Backward Eli mination Frocedure for Dependent Variable ARO AI

Rtep 0 All Variables Entered R-square = 0.95598942 Cr(p) 6.00000000

DF Sum c)+ Squares Mean Square j Pr of

ReQression 5 0.27913696 0.05582739 8.69 0.1.064
Error 0.01285054 0.00642527
I otal 7 0.29198750

Parameter Standard Type II
Var i abl e Est imate Error Sum C. Squares F P-rob:F

I N I L. F -. LF 1.021494:.. ,0 0. 05658402 2. 1:519449 0.. O .,
X1 .-0. 104882 1 0. 0933249:- 0.00811522 1. :6 0.
X2 --0. 15536987 0.06906228 0.0:2251945 5.06 0. ,S4
X 0. 12173164 0.11031655 0.00*782379 1.22 0.3848

X4 -0.04159778 0.09893534 0.00113587 0.18 0.7150
X5 0.01615138 0.04580864 0.00079876 0.12 0.7581

Bounds on condition number: 5.4825, 99.5

Step 1 Variable X5 Removed R-square 0.95325382 C((p) 4.124' !-'1

DF Sum of Squares Mean Square P Prob>A

Reciressi on 4 0. 278:37;820 0.06958455 15.29 0. 0246
Error 0. 01364930 0.00454977
lotal / 0.29198750

ar amea r S.a ndar'd 1 ype If
V rr ab. e E st i m a t. e Error Sum :of Squares F F r oh.:F

I NTERCE- 1.0.4385041 0. 03738370 3. 54732615 779.67 0.0001
XI -0.0)8946502 0.06937841 0.00756566 :1.66 0. '876
X2 --0. 167869-.;7 0.04987426 0.05154412 11.33 0.0435
X 1: 0. 140W:2-49 0.08:1...88. 0.01317476 .96 0. 1837
X4 0. 0569381.:! 0.07477061. 0. 002638:36 0.8 0. 501 *7

Buunds on condition number: 4. 2299, 56.9513

Step 2 Variable X4 Removed R-square = 0.94421796 C(p) =

DF Sum of Squares Mean Square Frob :F

Reqr essi on - 0. 27.69984 0. 09189995 ,*Y,2. 0/ 0.0057
r rot 4 0.0:1.628 766 0.00407191

I0t a Y .2919 870 :J#

Par- aMCet "r St.and-. r d: I vpu I
Var 1.b i :, l .. rn t f., Er r or Sum Squ.tares F Fr oh F.
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1N I E:: kL, L: fP' 1 . 03891158 0. O 348i9/9 79. L22U8025 89. 7. 0. 000 j
X 1 .0. 12596516 0.04745188 0.02869411 /.05 0.0567
,X-0. 1437045 0.03656912 0.06:'02500 15.48 0.0170

0.09494086 0. 05264626 0.01.-4249 3.5 0.1457

Bounds on cndi t ion number: 2. 88. 16.8986

5-Lep 3 Variable X3 Removed R-square 0.89886504 C(p) =2.59593814

DF Sum o, Squares Mean Square F Frob >F

Fegressi on 0. 26245736 0. 13122868 22. 22 0.0033
-rror 5 0. 0295..,014 0.00590603
-otal 7 0.29198750

Parameter Standard rype I I
Vah I e Fs t i ma-It . Err or Scwi o+ brt(A.res f rob >F

f N IE:E<FA I . 08199726 0. 0305.I 2 1 7. 42186',50/ 1256.66 0.0001
X 1.17609006 0. 04631 794 0. 08536243 14.45 0.0126
2 --0. 0997826 0. 03226'24 0.05558867 9.41 0. 0278

fu.)tnds on condition number" 1.2 7 8 6 , 5. 1145

til variables in the model are significant at the 0.1000 level.
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Summary ot Backward Elimination Procedure for Dependent Variable ARO.A I

Variab Ie Number Par ti a Model
Step Removed In R*C. R * C(p) F r ob VF

X5 4 0. 0027 0.L95 -7 4. :L24J. 0 . 124. 0. 781..- 29,.:.' 0 .1 57589
, X4 0.0090 0.9442 2.549 9 o. 50i 7

X2 2 0.0454 0.8989 .. 595v :";. 0.1457
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Predict Std Er'r Std Err Student
Ohs N Val ue Predi ct Resi dual Resi dual Residual

1 0 2.984E--5 0.000 -2.98E-5 0.000 -1.625
0.00280 0.00280 0.000 2.867E-6 0.000 0.240

4E-4 4. 162E--4 0.000 -1.62E--5 0.000 -0.661
4 0. 00220 0.00219 0.000 9.65E-6 0.000 0. 456

0 -- 5.OE-5 0. 000 5. 006E'-5 01.000 1.685
6 IE--4 1.099E-4 0.000 -9.91E--6 0.000 -0.375
7 0.00130 0.0011 0.000 -1.42E-5 0.000 -- 0.0-
8 IE-4 9.24.E-b 0.000 7.567E-6 0.000 0.287

Coo I;:' s

(lbs - :L 0 1 2 D

1 1.620
0. 100

C $0.112
4 0.086
5 * 0.316
n 0.027
7 C0., 4:39

H3 0.016

Sum of Residuals -I .43657E-- 18
Sum of Squared Residuals 0.0000
Predicted Fesid SS (Press) 0.0000

Predict Std Err Std Err Student
Ob s S Value Predict Residual Residual Residual

1 8F-4 9.831E-4 0.000 -I. 8E -4 0.000 -0.746
7E-4 7. 350:L"E-4 0.000 -3.03E-5 0.000 -0.111
6:.-A 2.411E-4 0.000 3.589E-4 0.000 1. 381

4 0,00120 0.00105 0.000 1. 532E-4 0.000 0.655
5 '2E--4 6.02E--4 0. 000 -4.02E-4 0.000 -1.445

0 1. :388E-4 0.000 1 9E-4 0.000 -0.566
7 0.00100 6.189E-4 0.000 :.811E:-4 0.000 1.371
8 0 1.39E-4 0. 000 -1. 39E-4 0.000 -0.567

Cook,
Obs -:2-1 -0 1 2 D

I C 0.1.1
0.001
0.3:-00
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Cook : s
Obs 2-1-0 1 2 D

4 0.134
5 I 0.151
6 i 0.077
7 0.139
8 0.077

Sum of Residuals -1. 19262E-18
Sum of Squared Residu.Lals 0.0000
Predicted Resid SS (Press) 0.0000

Predict Std Err Std Err Student
Obs ALIPH Value Predict Residual Residual Residual

1 54.2000 53.5503 1.111 0.6497 1.264 0.514
49.7000 48.9960 1.273 0.7040 1.100 0.640
54.8000 54.0110 0.979 0.7890 1.368 0.577

4 44.1000 45.1201 1.026 -- 1.0201 1.3:34 -0. 765
5 52.0000 54. :3845 0.947 --2.3845 1.391 -1.714
6 47.5000 48.1053 0.719 -0.6053 1.521 -0.398
7 41.6000 42.0407 1.i!09 --0.4407 1.056 --0.417
8 50.6000 48. 292 1 0.707 2.3079 1 .52 1.511

Cook' s
Obs -2-1-0 1 2 D

1 0.068
0.183

0.057
4 C 0.115
5 *** 0.454

6 0.012

7 0.089
a 0.163

Sum of Residuals -7. 10543E-.15
Sum of Squared Residuals 14. 1538
Predicted Resid SS (Press) 29.9190

Predict Std Err Std Err Student
C)bs ARO.ALI Value Predict Residual Resi dual Residual

1 0.8500 0. 8662 0.051 -0.0162 0.058 -0.281
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Predict Std Err Std Err Student

Chs b I;A.O AL. 1 Value Pred i ct Resi dual Resi dual Resi dual

1.0:100 1.0471 0.058 -0.0371 0.050 -0.738
1.8200 0.68;59 0.045 .0.0159 0.06:-!. -0.255

4 2700 1.2206 0.047 0.0494 0.061 0.811

5 0.9200 0. 624.5 0. 043 0.0955 0.064 1.503

6 1.1100 1.0996 0.033 0.0104 0.069 0.150

1.4000 1.:!647 0.060 0.0,5.. 0.048 0.731

8 0.9700 1.0914 0.032 -0.1214 0.070 -- 1.740

Cool:: s

Obs - 1-.-0 1 2 D

1 0.020

2 C 0.243
3a 0.011

4 i 0. 130-"

5 i i 0.349

6 a0.002

7 0.274

8 a 0.216

Sum of Residuals --. 11022E-16

Sum of Squared Residuals 0.0295

Predicted Resid SS (Press) 0.0645

A28



Sw-i 12:.36 Ihursday., March 3, 1988 20

Model: MODELI

Dep Variable: S

Analysis of Vaitriancc

Sum of Mean

Source DF Squares Square F Value Prob*F

Model 2 0.00000 0.00000 7.114 0.0345
Error 5 0.00000 0.00000

C Total 7 0.00000

Root MSE 0.00027 R--Square 0. 7400
Dep Mean 0.00056 Adj R-Sq 0.6359
C.V. 48.63004

F'arameter Estimates

Parameter Standard T f or HO:
Variable DF Esti mate Error Parameter=0 Frob >

INIERCEP 1 0.0001.59 0.00015611 1. 020 0. 3547
X2 1 -0.000150 0.00010337 -1. 45" 0.2058
X5 1 0.000427 0.00013548 3.148 0.0254

F'redi ct Std Er- Std Err- Student
Obs S Val ue Predict Residua]. Residual Resi dual

1 BE-4 7.337/E-4 0.000 6.635E--5 0.000 0.453
2 E--4 8. 736E---4 0.000 -1.74E-4 0.000 -0. 751

SE-4 1. 82t.3-4 0.000 4. 172E-4 0.000 1. 714
4 0.00120 0.00121 0.000 -5,48E-6 0.000
5 2T-4 4. :354E-4 0.000 -2.35E-4 0.000 .. 030
6 0 1. 592F.- 4 0.000 .- 1.5 99E-4 0.000 -0. 709
7 0.00100 1.54:1E4 0.000 2. 459E--4 0.000 1. 074
8 0 1.5583 4. 0.000 1. 56E-4 0.000 -0.69..:'

C ook:' s
Obs ..2-1-0 1 2 D

1 0.171
C 0.075

0.3::69
4 0.000

5 0.153
6 C 0.081
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Cook' s
Obs -2-1.-0 2 D

7 ,0.115
, 0.077

umn of Resiidua ls -1.0571E-18

Sum of Squared Residuals 0.0000
Predicted Rsid SS (Press) 0.0000
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AROMATICS DATA
Aromatic Phenolic OH Methoxy/Fluor Acenaph.

NAME 9.0-5.9ppm 5.2-4.4ppa 4.4-3.5ppm 3.5-3.3pp

TARPHEN
PROD
JET A
TAR OIL 25.8 1.5 2.6 0.8

TAR OIL 25.8 1.5 2.6 0.8
N410-1
N410-2 18.5 2.1 2.6 0.8
N410-3
N410-4
N410-5
N410-6 19.6 1.4 1.8 0.6

N410-8
N410-9
N410-10

N410-11
N410-12 16.1 1.3 2 0.7
N410-14
N410-15
N410-17
N410-18 14.8 0.8 1.3 0.5
N410-19
N410-20
N410-21
N410-22
N410-EP 11.1 1 1.1 0.3
TAR OIL 25.8 1.5 2.6 0.8
N408-1
N408-2 20.3 0.7 2.2 0.7
N408-3
N408-4
N408-5 13.7 1.5 2.2 0.7
N408-6
N408-8
N408-9

N408-10
N408-11
N408-12 13.4 1.6 2 0.6
N408-14
N408-15
N408-17
N408-18
N408-19 12.4 1 1.6 0.6
N408-20
N408-21
N408-22
N408-EP 10.5 0.9 1.2 0.3
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AROMATICS DATA
Aromatic Phenolic OH Methoxy/Fluor Acenaph.

NAME 9.0-5.9ppm 5.2-4.4ppii 4.4-3.5ppm 3.5-3.3pp

TAR OIL 25.8 1.5 2.6 0.8

N409-1
N409-2 22.1 0.6 1.3 0.4

N409-3
N409-4
N409-5
N409-6 19.4 1.2 1.7 0.4

N409-8
N409-9
N409-10

N409-11
N409-12 18.2 1.8 2.1 0.7
N409-14
N409-15
N409-17
N409-18 18.5 1.2 1.8 0.6
N409-19
N409-20
N409-21
N409-22
N409-EP 14.2 0.5 1 0.4
TAR OIL 25.8 1.5 2.6 0.8

N413-1
N413-2 21.6 2.6 2.4 0.7

N413-3
N413-4
N413-5 21.2 1.6 2.1

N413-6 20.6 1.9 2 0.7

N413-8

N413-9
N413-10
N413-11
N413-12 18.7 2.3 0.8

N413-14
N413-15
N413-17
N413-18
N413-19
N413-20
N413-21
N413-22
N4'3-EP 16.3 1.3 2.5 0.7

TAR OIL 25.8 1.5 2.6 0.8

N414-1
N414-2
N414-3 18.7 1.4 2.3

N414-4
N414-5 17.2 1 1.3
N414-6
N414-8 13.2 1.5 1.7

N414-9
N414-10
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AROMATICS DATA
Aromatic Phenolic OH Methoxy/Fluor Acenaph.

NAME 9.0-5.9ppm 5.2-4.4ppm 4.4-3. Sppm 3.5-3.3pp

N414-11 12.4 1.4 2.1
N414-12
N414-14
N414-15
N414-17
N414-18 11.7 1 2
N414-19
N414-20
N414-21

N414-22
N414-EP 10.1 0.6 1.3 0.4
TAR OIL
N415-1
N415-2
N415-3 20.2 1.6 2.2

N415-4

N415-5 19.4 1.6 2.2
N415-6
N415-8 18.9 1.5 2.2

N415-9
N415-10

N415-11 16.7 1.5 2.2

N415-12
N415-14
N415-15
N415-17
N415-18 15 1 1.2
N415-19
N415-20

N415-21
N415-22
N415-EP 12.8 1.1 2.1

TAR OIL
N416-1
N416-2
N416-3
N416-4
N416-5
N416-6

N416-8 21.4 1.7 2
N416-9
N416-10
N416-11 20.3 1.8 2.2

N416-12
N416-14
N416-15
N416-17
N416-18 18.9 1.6 2.2
N416-19
N416-20 17.3 2 2.3
N416-21
N416-22
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AROMATICS DATA
Aromatic Phenolic OH Methoxy/Fluor Acenaph.

NAME 9. 0-5. 9ppm 5. 2-4. 4ppra 4.4-3.5ppm 3.5-3.3pp

N416-EP 18.4 1.9 2.6

TAR OIL
N417-1
N417-2
N417-3
N417-4 19.8 1.6 2.1

N417-5
N417-6
N417-8 18.1 1.4 1.9

N417-9
N417-10 16.3 1.3 1.7

N417-11 16.7 1.1 1.2

N417-12
N417-14
N417-15

N417-17 14.9 1 1.4

N417-18 14.7 1.5 2.3

N417-19
N417-20

N417-21
N417-22
N417-EP 11.1 1.4 2.6

TAR OIL

N418-1
N41 8-2

N418-3
N418-4 22.2 1.6 2.4

N418-5

N418-6
N418-8
N418-9
N418-10 20.7 1.3 1.8

N418-11
N418-12
N418-14
N418-15
N418-17
N418-18 18 1.4 1.8

N418-19
N418-20
N418-21
N418-22
N418-EP 16.9 2.3 1.3

TAR OIL

N419-1
N419-2
N419-3
N419-4
N419-5
N419-6

N419-8 18.4 1.8 2.1

N419-9
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AROMATICS DATA
Aromatic Phenolic OH Methoxy/Fluor Acenaph.

NAME 9.0-5.9ppm 5.2-4.4ppm 4.4-3.5ppm 3.5-3.3pp

N419-10
N419-11
N419-12 18 1.4 2.4
N419-14
N419-15
N419-17
N419-18 15.8 1 1.8
N419-19
N419-20
N419-21
N419-22
N419-EP 13.9 1 2.4
TAR OIL
N420-1
N420-2
N420-3
N420-4 23.1 1.7 1.9
N420-5
N420-6
N420-8
N420-9
N420-10 20.1 1.5 1.9
N420-11
N420-12
N420-14 18.8 1.3 1.7
N420-15
N420-17
N420-18
N420-19
N420-20
N420-21
N420-22
N420-EP 16.2 1 1.9
TAR OIL
N421-1
N421-2
N421-3
N421-4
N421-5 20.6 1.6 1.9
N421-6
N421-8
N421-9
N421-10 18.6 1.7 2.3

N421-11
N421-12
N421-14
N421-15
N421-17
N421-18 15.4 1.6 2.2
N421-19
N421-20
N421-21
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AROMATICS DATA
Aromatic Phencolic OH Methoxy/Fluor Aceriaph.

NAME 9. 0-5. 9ppri 5. 2-4. 4ppm 4. 4-3. Sppri 3. 5-3. 3pp

N421-22
N421-EP 14.9 1.7 2.2
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Alpha to Aromatic Beta to Aromatic Cyclohexane

NAME m 3.3-1.9ppm 1.9-1.5ppm 1.43ppm

CHN DATA
Alpha to Aromatic Beta to Aromatic Cyclohexane

NAME rd 3.3-1.9ppm 1.9-1.Sppm 1.43ppm

TARPHEN

PROD
JET A
TAR OIL 30.9 6.5 0

TAR OIL 30.9 6.5 0
N410-1
N410-2 28 6.7 0

N410-3
N410-4
N410-5
N410-6 25.1 8.3 0

N410-8
N410-9
N410-10
N410-11

N410-12 24 9.5 0
N410-14
N410-15
N410-17
N410-18 22.4 10.1 2.3
N410-19
N410-20
N410-21
N410-22
N410-EP 19 12.7 3.3
TAR OIL 30.9 6.5 0

N408-1
N408-2 24.6 7.2 0

N408-3
N408-4
N408-5 24 7.8 0
N408-6
N408-8
N408-9
N408-10
N408-11
N408-12 24 11 0
N408-14
N408-15
N408-17
N408-18

N408-19 22.8 13.2 0
N408-20
N408-2 1
N408-22
N408-EP 18.6 14.3 4
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Alpha to Aromatic Beta to Aromatic Cyclohexane
NAME W 3.3-1.9ppm 1.9-1.5ppm 1.43ppm

TAR OIL 30.9 6.5 0
N409-1
N409-2 28.2 6.2 0
N409-3
N409-4
N409-5
N409-6 26.9 5.1 0
N409-8
N409-9
N409-10
N409-11
N409-12 26.7 7.3 0
N409-14
N409-15
N409-17
N409-18 25 9.2 0
N409-19
N409-20
N409-21
N409-22
N409-EP 22.4 11.9 3
TAR OIL 30.9 6.5 0
N413-1
N413-2 28.8 6.5 0
N413-3
N413-4
N413-5 27.8 7.6 0
N413-6 26.7 7.2 0
N413-8
N413-9
N413-10
N413-11
N413-12 25.9 8.4 0
N413-14
N413-15
N413-17
N413-18
N413-19
N413-20
N413-21
N413-22
N413-EP 24.2 10.9 2.8
TAR OIL 30.9 6.5 0
N414-1
N414-2
N414-3 26.3 9.6 0
N414-4
N414-5 24.9 9.8 0
N414-6
N414-8 23.2 10.1 0
N414-9
N414-10 B14



Alpha to Aromatic Beta to Aromatic Cyclohexane

NAME W 3.3-1.9ppm 1.9-1.5ppm 1.43ppm

N414-11 23.3 11.4 0

N414-12
N414-14
N414-15
N414-17
N414-18 22 12.4 0

N414-19
N414-20
N414-21
N414-22

N414-EP 19.3 16.2 3.8

TAR OIL
N415-1
N415-2
N415-3 27.1 8.1
N415-4
N415-5 27.7 8.2

N415-6
N415-8 26.3 9.3
N415-9

N415-10
N415-11 25.9 9.7
N415-12

N415-14
N415-15
N415-17
N415-18 24.1 10.8

N415-19
N415-20
N415-21
N415-22
N415-EP 23.1 13.4
TAR OIL
N416-1
N416-2
N416-3
N416-4
N416-5
N416-6
N416-8 27 7.8
N416-9

N416-10
N416-11 27.4 7.9
N416-12

N416-14
N416-15
N416-17

N416-18 26.5 9
N416-19
N416-20 26.1 8.1
N416-21
N416-22
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Alpha to Aromatic Beta to Aromatic Cyclohexane

NAME 3.3-1.9ppa 1.9-1.5ppa 1.43ppm

N416-EP 25.9 9.5
TAR OIL
N417-1
N417-k
N417-3
N417-4 27.5 8.1
N417-5
N417-6
N417-8 26.1 9.5
l.417-9
N417-10 25.1 9.7
N417-11 24.5 10
N417-12

N417-14
N417-15
N417-17 24 10.9

N417-18 24.5 10.9
N417-19
N417-20
N417-21
N417-22

N417-EP 21.9 12.3

TAR OIL
N418-1
N418-2
N418-3
N418-4 28.2 7.6
N418-5

N418-6
N418-8
N418-9
N418-10 26.6 8.4

N418-11
N418-12
N418-14
N418-15
N418-17
N418-18 25.9 9.1
N418-19
N418- 0
N418-21
N418-.2
N418-EP 24.1 9.8
TAR OIL
N419-1
N419-2
N419-3
N419-4
N419-5
N419-6
N419-8 26 9.3
N419-9
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Alpha to Aromatic Beta to Aromatic Cyclohexane

NAME rn 3.3-1.9ppm 1.9-1.5ppm 1.43ppm

N419-10
N419-11
N419-12 26.6 9.9
N419-14
N419-15
N419-17
N419-18 24.9 10.5
N419-19
N419-20
N419-21
N419-22
N419-EP 24.1 12.3
TAR OIL
N420-1
N420-2
N420-3
N420-4 28.3 7.2
N420-5
N420-6
N420-8
N420-9
N420-10 27.4 8.6
N420-11
N420-12
N420-14 27 9.2
N420-15
N420-17
N420-18
N420-19
N420-20
N420-21
N420-22
N420-EP 25.7 11.5
TAR OIL
N421-1
N421-2
N421-3
N421-4
N421-5 27.4 7.6
N421-6
N421-8
N421-9
N421-10 26.7 9
N421-11
N421-12
N421-14
N421-15
N421-17
N421-18 25.3 9.5
N421-19
N421-20
N421-21
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Alpha to Aromatic Beta to Aromatic Cyclohexane
NAME 3.3-1.9ppl 1.9-1.5pprn 1.43pprn

N421-22
N4:,1-EP 23.8 12
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Methylene Methyl
NAME 1.5-1.0ppm 1.0-0.2ppm Aromatic Aliphatic H

CHN DATA
Methylene Methyl

NAME 1.5-1.0ppm 1.0-0.2ppm Aromatic Aliphatic H

TARPHEN
PROD
JET A
TAR OIL 22.4 9.5 68.1 31.9

Aro:Ali
TAR OIL 22.4 9.5 68.1 31.9 2.13
N410-1
N410-2 29.1 12.3 58.7 41.4 1.42
N410-3
N410-4
N410-5
N410-6 29.3 13.8 56.8 43.1 1.32
N410-8
N410-9
N410-10
N410- 11
N410-12 31.8 14.5 53.6 46.3 1.16
N410-14
N410-15
N410-17
N410-18 30.8 17 49.9 50.1 1.00
N410-19
N410-20
N410-21
N410-22
N410-EP 30.4 21.1 45.2 54.8 0.82
TAR OIL 22.4 9.5 68.1 31.9 2.13
N408-1
N408-2 31 13.4 55.7 44.4 1.25
N408-3
N408-4
N408-5 35.2 15 49.9 50.2 0.99
N408-6
N408-8
N408-9
N408-10
N408- 11
N408-12 32.8 14.6 52.6 47.4 1.11
N408-14
N408-15
N408-17
N408-18
N408-19 32 16.3 51.6 48.3 1.07
N408-20
N408-21
N408-22
N408-EP 28.7 21.5 45.8 54.2 0.85
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Methylerne Methyl
NAME 1.5-1.Oppm 1.O-0.2ppra Aroratic Aliphatic H Aro:Ai
TAR OIL 22.4 9.5 68.1 31.9 2.13
N409-1
N409-2 27.9 13.3 58.8 41.2 1.43
N409-3
N409-4
N409-5
N409-6 30.9 14.7 54.7 45.6 1.20
N409-8
N409-9
N409-10
N409- 11
N409-12 30. 1 13.1 56.8 43.2 1.31
N409-14
N409-15
N409-17
N409-18 29.7 14 56.3 43.7 1.29
N409-19
N409-20
N409-2 1
N409-22
N409-EP 28 18.7 50.4 49.7 1.01
TAR OIL 22.4 9.5 68.1 31.9 2.13

N413-1
N413-2 26.1 11.3 62.6 37.4 1.67

N413-3
N413-4

N413-5 27.2 12.6 60.3 39.8
11413-6 28.2 12.7 59. 1 40.9 1.44
N413-8
N413-9
N413-10
N413-11
N413-12 28.9 13 58.1 41.9 1.39

N413-14
N413-15
N413-17
N413-18
N413-19
N413-20
N413-21
N413-22
N413-EP 25.5 15.8 55.9 44.1 1.27
TAR OIL 22. 4 9.5 68.1 31.9 2. 13
N414-1
N414-2
N414-3 28.2 13.4 58.3 41.6 1.40
N4 14-4
N414-5 30.6 15.2 54.2 45.8 1.18
N414-6
N414-8 33.5 16.9 49.7 50.4 0.99
N414-9
N414- I
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Methylene Methyl

NAME 1. 5-1. .pprn 1.0-0.2pprn Aromatic Aliphatic H Aro:Ali

N414-11 33.8 15.7 50.6 49.5 1.02

N414-12
N414-14
N414-15
N414-17
N414-18 33.2 17.7 49.1 50.9 0.96

N414-19
N414-20
N414-21
N414-22
N414-EP 27.9 20.3 47.9 52 0.92

TAR OIL
N415-1
N415-2

N415-3 27.9 13 59.2 40.9 1.45

N415-4
N415-5 28 12.9 59.1 40.9 1.44

N415-6
N415-8 28.1 13.6 58.2 41.7 1.40

N415-9
N415-10
N415-11 29.5 14.4 56 43.9 1.28

N415-1.
N415-14
N415-15
N415-17

N415-18 31.3 16.7 52.1 48 1.09

N415-19
N415-20
N415-21
N415-22

N415-EP 30 17.5 52.5 47.5 1.11

TAR OIL

N416-1
N416-2
N416-3
N416-4
N416-5
N416-6

N416-8 27.1 13.1 59.9 40.2 1.49

N416-9
N416-10
N416-11 27.1 13.2 59.6 40.3 1.48

N416-12
N416-14
N416-15
N416-17

N416-18 28.2 13.6 58.2 41.8 1.39

N416-19

N416-20 30.1 14.1 55.8 44.2 1.26

N416-c~l
N416-22
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Methylene Methyl
NAME 1.5-1.Opprn 1.0-0.2ppr Aromatic Aliphatic H

Ar: Ali
N416-EP 27.4 14.2 58.3 41.6 1.40
TAR OIL
N417-1
N417-2
N417-3
N417-4 27.5 13.4 59.1 40.9 1.44
N417-5
N417-6
N417-8 28.9 14.1 57 43 1.33
N417-9
N417-10 30.4 15.5 54.1 45.9 1.18
N417-11 30.6 15.8 53.5 46.4 1.15
N417-12
N417-14
N417-15
N417-17 31.2 16.6 52.2 47.8 1.09
N417-18 30.6 15.5 53.9 46.1 1.17
N417-19
N417-2C)
N417-21
N417-22
N417-EP 32.1 18.5 49.3 50.6 0.97
TAR OIL
N418-1
N418-2
N418-3
N418-4 26 12.1 62 38.1 1.63
N418-5
N418-6
N418-8
N418-9
N418-10 27.9 13.4 58.8 41.3 1.42
N418-11
N418-12
N418-14
N418-15
N418-17

N418-18 29.4 14.3 56.2 43.7 1.29
N418-19
N418-20
N418-21
N418-22
N418-EP 29.5 16.1 54.4 45.6 1.19

TAR OIL
N419-1
N419-2
N419-3
N419-4
N419-5
N419-6
N419-8 28.7 13.7 57.6 42.4 1.36

N419-9
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Methylene Methyl
NAME 1.5-1.Oppm 1.0-0.2ppm Aromatic Aliphatic H AiAli

N419-10
N419-11
N419-12 28.7 13.1 58.3 41.8 1.39
N419-14
N419-15
N419-17
N419-18 31 15.1 54 46.1 1.17
N419-19
N419-20
N419-21
N419-22
N419-EP 29.7 16.5 53.7 46.2 1.16
TAR OIL
N420-1
N420-2
N420-3
N420-4 26.1 11.6 62.2 37.7 1.65
N420-5
N420-6
N420-8
N420-9
N420-10 27.4 13.1 59.5 40.5 1.47
N420-11
N420-12
N420-14 28.3 13.7 58 42 1.38
N420-15
N420-17
N420-18
N420-19
N420-20
N420-21
N420-22
N420-EP 28.2 15.4 56.3 43.6 1.29
TAR OIL
N421-1
N421-2
N421-3
t'421-4
N421-5 27.5 13.5 59.1 41 1.44
N421-6
N421-8
N421-9
N421-10 28.6 13.2 58.3 41.8 1.39
N421-11
N421-12
N421-14
N421-15
N421-17
N421-18 31 15.1 54 46.1 1.17
N421-19
N421-20

N421-21
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Methylenes Methyl
NA~ME 1. 5- 1. p pr 1.0-Q. appra Aro~matic Aliphatic H Aro*.Ali
N421-22
N4.21-EP 29216.3 54.6 45.5 1.20
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J t. I, L £s D tF -- t i a J. program work

DI [L.IHlI Il' UN 0 1 1

IML , f I I UP1' b Vol% 10 V:1,% du V-0 1 50 vc I it ,qQ V:" 1%

L .. 35. 5 3 33 ih'. 'Jc '( . l C:

J kL. I b u 1, 18. 16 b.0 ,z3. (A3 ,L, ,.i. [:,.,

I A-WLE 0r 1 Q. I b. t.- ,. 83 24. i2 /. . ,(, -

I lid. 1 I IN. 8.1 , e- u. 33 cM,. 17 et'. 8 ,

'Id(1)11 ; 1 .) LI ':. E-,, 1 b 1L. 6 14. '1 1 /

'HI. NB '! .11 1 /1. / 1 H.. 'J. -:( i::S .C' c .

C IUDE PHI -U . 1 .e. n .5 .zu.. ( to i24. v-,. Lb

N4U, b 8. 5 11. 6L 19. 4e ie , .4 (1)"

rU- . b 13. 1 14. 1/. 81 19. -

,Jet -Lt I cW

UI I ] LLFI I

NPME w v . , . 6. Vo-l% 70 VoI % 80 vc,% 1 . Vol% 95 Vol% MRX

JI 4'j. h. t. : .5 8. 16 60. 66 bz..Z. , -U. Lb

JL I f A. ,4 36. 66 39. 3,. 42.53 45.16 4

j4 lb 1/. b 1'. 42 21. 33 23.33 24. 8.-,

I (-1LHL.N ,4. 98 -;/ 40. 16 43.83 49.5 51. .

I PHLI I 1. . ,.. 04M6 38. 08 4.b 5 1L,. I /
PRUDOL, I 19. 58 &1l. 63 2 3. 75 2. 33 31. 33 35. -1 5.,,,

t'HLN8U I c8b. '.1 31. I1 33. 43 35. 83 "/. Q,

I...,LJI)k'Ht rNI .' b6 30. 83 33. 25 31 : 49. 5 , j. I,

rI46:',3EJ ,. ,. "J !, 1. 9' 35. 2 W.

N4-4L' :4. bb c"'. :1£ 30.3,3 W1

N4.a-LP e4. L 1. 33 30. 42 4(-)

Jet F ueI s

DIb ILI. I
I ermper at u

NIIMI L l_.III 1IP 5 V,:,l% 1() v:l% :0 vol% 0 Vol% 40 Vo1%

JEI H
J I U- Z

J P'+ 1U.p 1 ci 114 118

I H .Il-ll1,4 .24 IJs -1C8 . .:0 1 *' .:1 ,-,t

(ild. II L. '4 84 89 1// L0 c!14 L-;f8

I' hIJDUL I c4 t) a 10. 113 1. 4 14o 1()
S'HE NW., 1 2 4 I15b if Ob 21L_ ,-"2);""? €.,.,

IdI.)LI-'II.N ' / 1Q 1 164 18 " 1,J4 1 9t

N4. L, 1 183 2oJ/ 4' /

N4/.L-' /4 14/ 1 /0 i.()4 d : 24 "
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J (:' 1 ( H

I I I I I L:

I 18.5i .:' 10 14(. 15A4 I /"1 /

I-tI.tliL I1 5 s ) L! I( "1.I.' 314 ..,.tlI

II -I:L',U U 5: , z-I/8 .=' (. 29-1

I. I.t.II[-'L.i 1 J8 ( 21 244 C) 6 5

d,- b~ L'-b

4 ., U:. j

1I W 1 Q.~' \I N U. (-1).s 1 (-) . 0 6 I ,GR M

I '.,ID~ I.I I/ II 914 I 11

"I fM !A I 0. 1 .31 1.4L : .b( i

u.~.;~ H~jt)L I-HL.N U 0C). 'jq.~/ (i .

J UL- If',11 -81F E. 11 U. (. UU'6 9R1M11,'4 , ,". l I u. 1 8 Z, 8 1. 61 .) Q) 4,1 t

1\,+:',If L I (.). -, 1 /C8 a u. 18,? - ,-. wt%

U'-.. 2 4. 15 " (-(-4,-' wt%
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fVE PRESS MAX PRESS MAX PRESS FEED GAS GAS IN H2S FEED GAS

,2ND SIAUL ISI SI'UE :ND STHcaL IST STAGE ST STAGE IST STAGE 2ND STAGE

750 10-- - -- -
9 .1 0

/u O) 1u 2b. Q 0

I . 1CIO 30.8 0

.20'" 1)C.) 40. 1 0

1X00 27.4 0

--- - 1Q 00 100. 8--
.- 5100 31. t 0

RUN # RE!: TI ML

HUN # COAL SOLVLNT ADDI ADD2 DATE is I- STAUE
N4*4 NONL I*AR OIL (PROD N423) NONE ENGLEHARD 5-661 12/16/a / 60
N4j NONE "IHR OIL (PROD N4i. 3) NONE ENGLEHARD 8-661 I2/18/L.1/ 60
N42U NONE TAR OIL NONE KATALCO 660 09/tJ/lb/ LA
N419 NONE TAR OIL NONE NT b55O 9/11 /87 60
I\1418 NONE TAR OIL NONE NT b50 09/09/87 60
N433 NONE TAR OIL NONE SHELL 424 06/09/88 60
N41Q NONE TAR OIL NONE SHELL 4;i:4 08/13/87 60)
N4-2 NONE r'AR OIL NONE SHELL 424 06/0;12/88 6()
N414 NONE "-aR OIL NONE SHELL 424 09/01/87 60
N408 NONE TOR OIL NONE SHELL 424 08/05/87 60
N4o9 NONE TAR OIL NONE SHELL 424 08/11/87 b0

N415 NONE F0 R OIL NONE SHELL 424 09/0oj/8/ 60
N413 NONE TAR OIL NONE SHELL 424 08/28/87 60

N421 NONE TAR OIL NONE SHELL 424 09/18/87 60
N417 NONE TAR OIL NONE SHELL 424 09/04/8'/ 6o
Ni1 b NONE TAR OIL NONE SHLLL 424 09/03/8/ L0
N435 NONE TAR OIL (PROD N433) NONE ENGLEHARD S-661 08/03/88 6)

REs IIME IIE AVE TEMP AVE TEMP MAX TEMP MAX TEMP AVE PRLS
ND S'fAGE SAMPLE IST STAGE2ND STAGE IST STAGE ;ND STAGE IST SLTAG-E

NO 150 150
NO LO0 00 700
YES 394 395 -3
YES 390 395 1997
YES 354 356 200)f)0
NO 380 395- "" 0
YES -94 394 2;35

-.- ..- .... NO , b 39 - - ;-384
YE 38 1 - -3- 87" )-

........ .YES 4L(:0 4Lu 2675

...............YES ------ -- - 1435
.... . ... YES '351 ......... ... 5 P 00

..............-YES 357 130:) 0
YES 3L I] 67 1500

YL 358 JL7 2012

L 331 11191
NO . /03 -5
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RES I Iilta
RNNI COA4L LULVE N W ~I A (-D D,--D I-E I1- STU

ifJ+2 NUNE IA 0N OIL (PRODI Wf-x' ) NUNL LNGLLHgIRD 6'6 1c/1b~7 GO
N if-,L- NONE 1FHP OIL (PROD Nif.2 .) N01NE1 LNC3,LLHAWI) ti-L61 1.~ 183L3 BYC,(-

Nif ,-; NONE- I ORh O.IL NONL KJ4 i t-LUC bf,(u O')j/ 1 U/f0 / tL-
N4f~ 19 NONE IA CJ~ OIL NuNE N\ I' bu0'j / I 1 8,3/ Go

Nil16 NUNL\I A 1 U~ OIL NLINL N f tO ()9/ Q':j/ LUo
1\1A fNONE P'AR OIL- NONE 51I-LL 4.24-'L Ub/'J$L I

N4 I NONL 'I A OIL NONL !UHLL.L 414 QLI/ 1. .V clu
N4 NON\L T1 R OL- NUN* UI1 iLLL 4L'24 QL/. /Li ,- Lu0(,-

N414 NONL I P-M OIL NUNL SHELL 4.2 '-/:/1/t
N\4OL')1 NONE [PAR OIL NUNL S3HLLL 4.-4 01/8/~ b O
N4 (. I NONE I$4H OI1L NLJNL U HLLL '+4 08i/1 I/8Y E
M4 I t NONE TOR-l OIL NONE SHELL 4.L4U'/O2/I/G

1\ IfA ,, NLJNL. [PAR OIL NONL SHELL 4 C-4 / b /L/ b(

Nxf -, NONE [APR OIL NONE bHE:LL 4.L........J / 183/b/ (:(.
Nit I / NONL -1 At OIL NONL SHELL 4--4 Q'/ C)4 / 8/ L,--

)\JNE TA-14 OIL NONE S HELL +- '/£L/L
N4 NLJNL - IH OIL ()-:,OD N4-'-:.!) NONL LNGLLHARDIS ~- G L-1 ~/£/ Ls 13

HLU FINE rFINE OVE [Li-Ml- AVE [-EMP MAX ]UMPP MAPX 'EMP AVE PRLS
2ND [Pb LOMILL 1131 til PLLLND lilPUiL ISr- !U1Pf3E .LND S,1fLJEL 113T ' 3JABL3

NO! .39 39 C) Z:U),O

YE'34 3 b o00

394 394 z23
NOl 3Jb & : 5-,.8

------- --------

35 1 3£0b

yE I-, ( 149 1
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AVE PFR|ESS MAX PRESS MAX PRESS FEED GAS GAS IN H&S FLLD GAS

2ND SI'AGE 1ST STAGE 2ND STAGE 15T STAGE 1SI STAGE 161 STGi 2ND SILJF

75(1 ___ loci 09.6 0 -- - -- --

------ --- lU ~ U -

.. . .. .... :03.3 J L()L I;L- ( .... . . . ..

... ... .1/ / O (. 1 ..

0e0 I__100 e7. 4 C) -

22.50 c100 100.8 0

---------- 100 . b 5 -

2484 .. . . .100 113.6 0

"5o 100 4b. 0 0
....... ... .. . .2 6 7 Gi -1b1 0 4 0 . 0 0. . . .. ... .

1570 100 35.9 0 ..----------

.00C() 100 Y;9. 0 - -

1300 100 16. i 0

I1 0 __Y100 
8 . 7 0 -

100 33.8 0 -----
.. . 1491 1)0 23. 1 0

750 10c 48. 1

GAG, IN list AR MAF % I-20 % ASH WW-If LI SULVENT

c.'ND S I 1L LND S-IAGE CU"L COAL COAL COAL ADDLD IN

o U 0 0 ) 0 1 1) I .'.

C' U 0 0 0 0 C) 9(4. 4

;) 0 0 02 , 1 .

U 0 0 0 C) 0 C 1.. 1

C) 0 ) 0 0 0 . i-)+. 3

) 0 0 0 0 C) 1 c)31. -

) 0 0 ) 0 ) 10 C(.). 1

0 0 0 0 0 0 C) 1191. 7

C) U 0 0 0 0 o 1II b. 5

o 0 0 0 0 0 c) 1 003. 5

C) 0 0 0 ) . 1008. 1

Q 0 C) 0 C) 0 0 1 v. 1I. 1
0 0 0 0 0 c) 0 1013. 3
O C) ) C') 0 0 ) 1 0 '7. L

O~_ Q )UC)C 1(.1 /. I
(i U U- 0 0 0 0 1 .(. .L:.

10 )5,. 3
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ODD," W i SLURRY LIUUID LWItHI MOLES 1OLES MOLES
IN CHARUED PROD OILS GAS OUT H2 LEFT CO LLFT

I b) 114 6 1103. 9 C) 31. 24,92 0 0
150 1106. 1 105b. 7 1/. )9483 C) 0
I -j0 1 1t59. 3 1C)L . 8 'J0. 44. 345 15f- (C)
I 1 1 IU.. 1 L. i -/. 414tU)b 0 U
I tJ 1104. 5, I I1. G'.9 &. 1 13. 73b69J C) U
I) -11 ,. '96 110(. 0 8. 34406 -

IC' I 11G. 13 1(03 6 18. 06"333(J) C)
I 49 13-lb 1 242. 1 70. L 30. 666683 C)
150 1144.1 1 0/. L 12 27.4365,3 0 0
1 . 11 ;.. 4 994. 4 /;- 11. 4264 C) 6
15,C 111b 4 1 (-)3. '• 1 'J. 481692 0 0
:I 5- 1149 1041. 8 92. 26. 8b358 0 C)
1 "0 1 13'. 6 1100.3 '0. 7. 5G6':'3 C)
l .) I169.9 ;t-'l. 3 73.' 1 z-. 7 63. C.-U

.j 11(4G. 6 i03 _ 48. 6 19. 4410/ 0 0
I.U 1 1ba I 1 8 4/. 3 17/. 04600 0 0

14'. 4 1b 0. 1 1 1 t) 0 .u "i3.,(

END PRODUCT" BY DiFF TOTAL
HUN it LMI. UN HYDIOUL-N NII HOULN SULF'UI OXYGEN HEIEf O H. C RAI I
N4 [4- , C-. - 'l,-.. 0. 1)16 0. 0C) j') . 0()0 I c. 1 C;-' C ). 0 b,, 1. .:347
IN,4,:. -L:I.' U. 3 13 . 1J 4 0. /)0;.'i U. 8UUU Ut. 0.:'. U. 030. 1. , 4
N4. - PI-- . .i(, U. 1u. 81 6. Q02/ 0• ( ) 0. Oil 1c: (J. 0,4-9 1 '+ 3 -
114 1 'L--L- U. 3L6" Ui. 1 ' ',  C) ) Q. U L) . 1 .  fl
N4 1 8--LP 0. 005,6 0. 104' ). C.043 Q. 000 0. Q.:9 .. U3 2 1. 44Z'a
H\4 63-L I.-, . dbb363' U. I .L ,7 0 U. UUU: 0. OC).) 0 1 5"':

N4 1 .-Ll- O. (3/4b u. 1141 0. Q)004 C) 006 U. (10)4 C) .114 i .bb15
N,+,-Ii--' u. 3 172  0. I L 0. I0(06 2. 0000 . 00.9 0 1 O0 1 .
N414 -L- U. D 1 C3 0. 111 U. 0OOU 0. ()U2 C). 2) 104 J. ()106 1. 0j963
N4'OLI-L.I-' UJ. U/ 1 U. 1 1 ,J C). 00(2{) C). 00(2)13 0. (01)3 0. )11_ 1 • 0950
N4(,'J- L -. U. B( 8 0 0. I 0 : (). CU 213 . ,)0(/ 0. 0t3C3 . );'3 1i. it8 3
I"14 1 -Ll- 0. ,31 (2.). C() 0. 0 (1 _. 0000 f. 0:27.: () * ." 3 1. 100
N,4 I 2--L I-' U. LV,! . .1.1) .:: U. U. : (). UI " U. -' 4 ;1 1. 406.,
N4.- .L u. , 14.3 0. 1 / 1.1 0. 00'. (). 000)i0 0. 044 U. U4'JL, 1 . b10."
Nit 1/ --LI- P). 1.3j 4 u. I 03i., 0. (.1(.(31 (0). 1{ ()1{ (2). 144'j (. 04- 1. :41 t,
Nh 113L -L..l-' '.. (23.2;:- U.. I (.31 .; (2). U{_) 1 3 ()(.U11{ U U. 0.2)6' ' 0.. I{-049. 1 . 31 4/

S.' ,6 )). .1127.I U0 O 1.(2 ) i U / O)01 UU1M 1. 31 0.-
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,.3 9. 1.79
1B 31. 5 i. 4 :.'.. 8 9. t -7 ... 9

.," 1 1 25.7 11.5

,.1.j 3~-~4. ".13 .9.5

ii. iI. 0. 19 2. 7 J. (.4

I0 C L) I. 0".4 1 "31 "2 3. 8 2"-7.

10.5 0.9 i..2 O3 18".6 14. 3 4 2a. 7

14.5 1 4 " 11.9 LB
1 .'. B 1. 1 .2. t. :.1 1..4 .20-

tj I,) I.-.

1I. 1 1. it ,'. 1 . . 12. 1. 9,

1 4 1. 9 2t" 99.5

G3. , 1. /, -. (-2 1.). t. 14. Cse 1. ,.29 2 . "3

L I GLI II) LI G!U 11) CAP, UON HYDI)UUEN

LOSE; RECOVERY BAL DAL_

13. 1 B. 7 41. 4 1. it-: 41. 1 9G. 3b% 100. 40% '9. ='4%

14. / 5 42. 5 . S5. 1 95.26% 913. 7.2" 93. 97%
15. '  56.* 3 4. u 1. .29 71. 5 11 . E,5% 10L.2. 6"% I19. 134%

11.5 ,. 7 46. .2 1. 1j 5.'.') 10-2. 47% 105. 54% 127. 01%

t. 94. 4 49. b 1..19 33. 31 10C4. 1b% 106. 7'% , c'. 94 '.

I 1:, 94. 57% 10(). 0'1% 1. 1. '/a%

.21. I 49. 5 4. 0.13,2 1 "1 3 1) 9. 17% 99. 37% 1 -2. 90%

3 913. 0% 103. G% ib. 25/%

.20 . ; 4/I. ') 9" 0- . 11.0 '3(. 13% 100(-. 1 1 i '. 4 %

4 4 b. 8I D4. 1 .09 1 , 94. 67% .0. 90% 1..34%

113. / 50. 4 4'.. / 1.1. 1 /3% 104. 18 7 1. 2.';'
1I/. Li 9... ' 2 4/'. . 1 .11 tWil .. '913. 09':;. 1)1 . )% 1l2,2. 9,0).

1 . .,'. '.' 4. 1. ,2/ .)..2 10.. 131% 10 . . 1. IX '. %

10. . '4. , 4bj. 1. .:0 /0. 1 39'. 0' 10 (). ,-0% A,'2. IlY.

I. j 4'). j O. '3, 04.3 '13. i...J '3. 59/ 1,/.,. ',..2;.

14. .2 1t3. L.t. 140 40 l G7, 7/% 1 '--% it I 0

I 1. ,-" 40,. 131 /5. 1 S34. 4 '37l. 5 '3'). I ) L:."
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NI I ROUIILN ULFUR UXYbLN
BOL DL _ BOL

I2.~ i .% j. )0%it 413. 48%
1~ . ~1. U.0' .V. C.).

I "/. . .. /7.

.) 0% - 73%
(O). (-i)~i% U, 0):-! 0. 00%

/. ;d/. 14.64% 1 b. L23 %

I I. 4 0. 00% 1t. 07%
U-. Q.QY;. 4. 'J3% 15. 38%

U. 0 9% 'J. 42% 1t5. 73%

"54. 1, ,% 16. 04% 31. 40%

1 . 'J/.O (. 0U% 41. 30%
46-. c,:/ % I. (.5% ) .:1 . 8 -.%

107. - 0. 00% 61. 41%
I. 30% ). UQYu -,. 13%
.1/% 25.i% 9t. 9/%
C). (Ji% ). C)% C)* 00%
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END P'RODUCI BY DIFF TOTAL

NUN # CL"RIN'ON HYDRUGE-/N NITROGEN SULFUR OXYfEN HE IENO f:L P"I IU

N'I4 -- i- 4 P 8 I I t f). 1169 0. 0 008 U. UQOLI ('*. 1 O. 01 16 1. . ,

N41' Et-' U. 8 /'4t (. 1141 O. -)o 4 (d. 00C)6 U. U-1U4 o. 0114 1 t. ) 1
N4 I 3-1I- U. 0 ,,. , U. 1 U1 (-). 00 = 0. 001 (). ,"j*/ (. (-)4,' 1 *..,

"44 1 '-.EI-' (._. / - U. 11 /1 0. 0()0 U. 0002 U. U 1 4 C. U 1 b6 , l
N J+ 1 J -L -.' U. b6 1 f. 1Cm', 0. O)C) 1 U. O(:)U U. U(-2 1 U. U2 / k I . 51 UU

N4 1 6 L- l . &3 8 U U'-'3 U. " 1 3 U. U 1P U (- )6 0, C). (0) 4'j 1. -:/4 /

N41 / -LA <. A4 4 U. _.6 U_. UO l U. t.UUU .)L 1 '*) U). 0'+- I . 4 It,
Nh 18-L-P (. 8586 U. 1 (+- . UU4, U. U.UU U. U3cY: U. .3 /" I . 44,: :I

N4 1.-.LI-. (. i_,:/ U. 1 (_P: U. (-08 U. UUUU U. 8 b f/l 0. 1: / ! . . )),

N 4c:: .-- - -L .U. 846 U. 1 .) 1 C. U0 / ... I j ()0 ( U 4 / U. ()4'1)) I . 4
N4' t --El-' U. 8433 0. 1 () 1 1 0. Q()5 . . U. U44U Q. (..)4':)(, 1. :0 1o

LND PRUDLJC BY DI F I0 FAL

IAN # !(tWbltJN IYDIObEN NIl RU6EN SULFUR OXY(;L N HE I ENO I:t 0I-4
Ni 4- : 4 -' . 8 I U. 1 U 1 , (1. Iu029 0. OU04 u. oc t 0 Q~b': I . :14 /
Nl+,-'-l- . IS 8 U. 1 U 14 0. ()2-J 0. Q0U2 . ,79 0. )3U8 1. ,-

1\14 LI- . 8 1 / a U. 11 d3 O. 000 U. U U. (.. (_) 9 U. 0).10, [ .

N 4, -I-' . 8 3 U. 1137 U . 0000 U. UU U I .

I ;5---E.I-' I. I6 . 11 'y/ 0 0 . 0017 C. 00 1 1 . t I.i
'RUD Pr,rnatic P'herolic Methoxy/FAceriaph. Alpha to Beta to PcycL,::,hex
JE: I A- I. 0-n. '9pp5. 2-4. 4pp4. 4-3. 5pp3. b--3. 3pp3. 3-1. 9ppl. 9-1. 5ppl. '+3ppm
4 --- ] .-+. ' 1. Q 0. 3 18. 6 14. 3 4
4 '-EI-' (.-.c E P Ii 1 0. 4 22. 4 11. 9

N4 .I-LI' 11. I .11 0. 3 19 12. .
N A I JL '11. 3 I.t - j 0. 7 .4. 10I(. 9 ,=-9

\14 14--P 00 ..6 i.0 . 4 1 .31 . ,-.

N41 -L i:. 8 1. I I. 1 23. 1 13.4
N4 1(7, L-P 18.4 1.9 -. 2 .9 3. 5
N41/-E , 11. 1 1. 4 6 1 9
N41, .3- -P 16.3 3 1.-3 4. 1 '3.8
N'l 'i-LP 13. 9 1 2. 4 24. 1 1

N4duL-l' 6. C2 1 1 . 1 1.95
N4,.-I LI : 14.':) 1./ 1

'4' -I:- 1 /.8 1.8 . , , '9. /
N4,:.- .P I .3 1.B I -,.4 eb. 8 9. 4

N43 1 -I-
N4- L3-
N43'--E' 9. 8 1.76 C. 6 1-' 7 14.96 I :',
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I:'Q 11 Mo Ilt h yIerneMet h y

.] I -t .5-1. Oppl. Q-.. c2ppArc H,- A11 H2 Aro':Ali
N +,,) L .'. / .". 5 45.8 b4. e . 8t

t8' , , 8. / 5(. 4 4'. / 1. .1

'I441()- LI-P u. 4 _ ". 1 45 54.8 0-. 132
N -I I P I -!5.5 I . , 55. 9 44.1 1. 2/

N4 14 -LI- 2,. 1 )O. 3 4/. ' 3ic,
PiRIJI) Methyl ereMet hy I

F f-i 1. 5--I. Oppl. 0 0. 'ppf-proA H2 L -il i 1-Id Aro: I I

N4 I n- P 1 1. 5 52. b 47. 5 1. 11
I'L+ -i -L - c-, 4 14. ' 58. 3 41.6 1.4-
Nt41 /- I-' I 18. 5) 49.3 5(-. 6 (). 9/
N41Id-L' 9 16. 1 54. 4 45. 6 1. 19
N41 )-L ' / 16.5 . 1 46. e 1. 16
N'tLu LI-' 8. 21 15. 4 b6. 3 43. 6 1. i
1\4 ,-EP c,3. 16. 3 54. L. 45.5 1.
N1424 .I-' L/ 9 1;.. 5 58. 7 41. 4 1 4.:'
FI :3,J E 1.9 14. 1 57. 4 4 e. 6 1

N'4 .,I- £

N'i...J F :. 18 17. 52 46.87 53. 13 o. 8t
N4t::3 l.- WI IH ADDP IN LI UU ID SIRL'AM

LJ.QUID LIUUID CARBON HYDROGEN NIROUGEN SULFUR OXYGEN
PLiN # LOSS RECOVERY PAL OAL BAL BAL DAL
N4 -LP 132 34. 617- 98. 50% 125. 34% 00(-% 19. 42% 15. 73%
N4(Y9-L W 79. 2 I OU. 53% 10(4. 18% 123. 18% 54. 13% 18. 04i.% 31. 40%
N 41 -E w 113.9 95. 17% 99. 3/% 122. 98% 7. 3e% 14.64% 15. 2 %
I"4 1-. E.-' 3l. 3 102. "7 1% 105. ()9% 117. 90% 43. 5,% 31. 655% b2. 83%
Nl4- L- 116.3 96. 13% 10. 11% 1&'. 48% 1. 00/ 4.93% 15. .8%

1I415-i-E' 10. 2 98. 69% 101. 7(1)% 1. 5)% 1. 90% 0. 0% 41. 3)%
N41--EI- 40 100. 67% 100. /5% 110. 48% 5. 1 /% 2b. 81, 96. 96-"
N4 1, -E' 6. 3 98. 63% 99. 5b"' I2. 42. 1. 90% 0. uo0/ 18. 13%
N4 18-E P 33.81 .104. 18% 106. 79% 122. 94% 86. 15% 1. / .
N41 ': --LP' -. 9 1o3. 4/% 105b. 54% i-I. 0(.% i. /7% 0. /O% 4 . 51%
N42 E.-I-' ,1. 5 1l1 . 65% 102. b1% 119.84% b.-_. 18% (. 00.% 13. 81%
N4l '1- L-' /8. 1 99. 51% 100. b % 120. 78 1(.'. %4% (. t00% 61. 41%

N 4.4-EL P' 41. / :6. ,3% 10(). 4o% i.. e4% Iei. 50% 43. 36% 8. 48%

i'-l' ':5 LI 53. 4 95. 6% 98. /2% 93. '97% 1 4 1 . )% . ()f 07. 4b. 8LW%
' l,11. 9 '.I. 'J i 103. 15t% 15. 8 % 1 1. 4cd% (-. 0I% I t. 0 1%

W iH ADD2 IN LIQUID SIRLAM

LIQUID LIQUID CARBON HYDROGEN NITROGEN SULFUR OXYGEN
RUN # LU.3S RECOVERY BAL BAL BAL BAL BAL
N433-E-P 63. 16 94. 57% 100. 0% 121.78% (J. 00% 0. 00% ().00,%
N4,,5 --LI-' ,3;4. 4 91. t% 1I . 13% 102. 33% 0. 00% 0. 00% Q. (0%

B34
,U.S.Government Printing Office: 1989 - 648-056/04169


